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                           INTRODUC[CrON
                                          '
   • Urolithiasis is characterized=by the formation of calculi
in the kidney, bladder and urethra with resultant obstruction of
     The first syraptorns of urolÅ}thiasis are an white opaque
appearance in urine and white precipitates at the prepuital.hair.
Then, anirnals'show dysuria•, anorexÅ}a and painful Tnanners, When
the worst symptom of urolithiasis•appears, the animal must be
slaughtered immediately. The'words, urQlithiasis, was used in this
study when a harmful effect was given•to animals wSth this disease.
     The chemical composition of urÅ}nary calculi was investigated
in Austraii.a- 59,) /-N.-e"w.L'zeaiandii)and usA5'7). Biout 7')iists seven types
of ealcu!i,in cattle, namely, silieate, ealcium oxalate, xanthiner
calcium and magnesium carbonatest calcium and magnesium phosphates,
triple phosphate and iron carbonate.
      Although the chemieal cornposition of urinary ealculi was
 well establishedt the causative factor of urolithiasis is still
     Zt has been known in Japan that the urolithiasis was induced
iri poultry and sheep, whUe these urinary calculi were rnainly
                                             1O 3.)
composed of uric acid and ca!cium respectively. Tn fattening cattle
the incidence of urolithiasis appeared to increase from about
1965.
     Recently the occurxence of urolithiasis has been frequently
observed among fattening cattle in Japan and caused considerable
                                                   '
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,
,                              .darnage to livestock production. For examplet the percentage of
urolithiasis in fattening eattle.slaughtered because of the
disease was 7 z in Japan (1.g73)47)and was 6.s g in Kyoto prefecture
      44)(l974) .
    -A feedlot operatiQni in which high concentrate rations were
given in order to shorten the fattening pgriod, has prevailed
in Japan from,about 1965 and the oceurrence of urolithiasis in
fatteping cattle seems to have increased from that time.
     The author be{an to study the association between the
etiology,of urolithiasis and dietqry factors. Zn this process,
it was found that the.forrnation of urinary calculi was elosely
assoqiatqd with minera! metabolism. The purpose of this study
is to alarify the relationships between the incidence ef
urolithiasis and mineral metabolism..
- - 2 -
CHAPTER 1 :NCIDENCE OF VRINARY CAI)CUM AND :TS EFFEC!V •ON
      - .'URrNARY ORGANS :N FATTENrNG.STEERS
                   '
                                                 '
     Anatomical and histological studies on urinary organs in
sheep suf-fe'red from urolithiasis have been conducted by Pontius
et ai.69)and cornelÅ}us and Mouitoni3). However, these workers.
used sheep and only studied the morbid changes at autopsy.
     -As a preXiminary step to detenmine the etiology of
urol'ithiasis, this experiment was conducted to find where '
urinary calculi lodged and to determine the relationship between
caZculi forrnation-and-the morbid changes'of urinary organ$ in
                       Materials and Methods
                                                            '
     This experiment, using two Wagyu steers, was conducted for
240 days, beginning in surruner and ending in the next spring.
These steers full-fed the concentrate ration containing 70 g,
steam-rolled milo; 10 g, wheat bran; 10 g, rice bran; 8 gt
soybean meal; 1 g, sodium chloride; Z g,• calciurn carbonate•:
and the roughage, mainly !ta!ian ryegrass. •
- One steer (A steer) showed normal growth and its average
daily gain was over 1.0 kg/day. }lowever, this animal showed
anOrexia, dysuria and'painful mannerSt and Zater the inability
to urinate at the end of the experirnent. The body weight of the
                                                     '
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other stter (B steer) hardly increased after three months from
the beginning of this experiment, and the symptoms of
urolithiasis also appeared and the urination of the animal
stopped at the end of this experiment.
When the symptoms of urolithiasis got worse, 30 g of
ammonium chloride was given to each steers daily for two weeks
before s~aughter,but it did not treat urolithiasis, and
urination was 'completely stopped for a few days. Therefore,
both animals were slaughter~d, and the post mortem examination
was conducted.
The kidney, the bladder and the urethra were examined to
find the incidence of urinary calculi and lesions. Sample tissues
were collected" from these viscera in order to conduct microscopic
examination. Each of tissue samples was placed in formalin, and
then studied in two ways, with hematoxylin and eosin and with
hematoxylin and PAS.
Results
Hemorrhage and infiltration were found around the kidney
of A steer. Kidneys were slightly enlarged. The weight of right
kidney was 450 g and left one was 470 g. The color of right
kidney was normal, while that of left kidney was partially
decolorized. The separation of capsule fibros~ was difficult at
both kidneys.
- 4 ...;
In B steer, hemorrhage and infiltration in the fat around
the kidneys were less than those of A steer. However, kidneys
were enlarged and were two or three times heavier than those of
normal weight. The weight of right kidney was 970 g and left
kidney was 1250g. As shown in fig. 1-1, the color ofkidrieys
were severely decolorized allover the surface. The separation
of capsule fibrosa was difficult for both kidneys.
Many calculi were found in most of the renal calix of both
steers (fig. 1-2). Renal calculi found in A steer were large and
hard concretions, and showed whitish color. While the calculi
found in B steer were sand-like stones. The result of
histopathological study of the kidneys is shown in table 1-1.
Microscopic pictures of samples from A steer showed the
disappearance of glomerulus (fig. 1-5), compensatory enlargement
of glom~rulus, hyaline degeneration in glomerulus, thickening
glomerulus basement membrane (fig. 1-6) and morbid changes of
renal tubule. These observation suggested that the kidneys from
A steer had suffered with chronic nephritis.
In B steer, glomerular changes were comparatively less.
However, renal tubule and interstitial tissue were remarkably
degenerated. Round cells infiltration into interstitial tissue
and edema in epithelium cells and interstitial tissue (fig. 1-7)
appeared to show chronic inflamation of the kidney. Suppurative
foci (fig. 1-8) were also observed in some parts. Interstitial
connective tissue appeared to be progressively increased and
- 5 -
Table1.1 Characteristics of rnorbid changes, ofi the kÅ}dney by
microscopie examinatÅ}on
                   '
  -




   Disappearance
   Disappearance of nuelei
             '
              '
       ''
   Compensatory enlargement
   Hyaline'degeneration ' i.•.•
   Fattening of basement Tnembrane
Rerpal tubule
   Dilatation
   Protein urinary casts
   Disappearance oE brush border
   Atrophy and disappearance
   Vacuolor degeneration of epithelium
:ntetstitial tissue
   Round cells infil.tration
   Suppurative foci
   Increlasing in'number bf celXs





















symbols, +, ++t +++, showL 'the selVerity-of lesions




rnany renal tubuli appeared to be involved and disappeared
 (fig. 1-B}, These ehanges suggested that there was serious renal
insufficiency. [rhe function of the kidney of B steer appeared to'
be more disturbed than that of A steer.
     The tissue of the bladder appeared to become thin and
severe hemorrhage was found in the mucosa of the bladder
(fig. 1-3). The hemorrhage found in B steer's bladder was more
severer than that of A steer. Many globular anq gZassy calculi
like rice were found in the b!adders of both steets. These
calc pli were quite hard and were not crushed by fingers, and
were different from those of renal calculi.
     Xt was observed'that urinary calculi, about O.6 'cm in
                '
          'diameter, filled the end of S-shaped curve of the urethra ofi
both steers (fig. I-4). From the bladder to the end of S-shaped
eurve of the inher urethra, severe hemorrhage was found, but the
urethra beyond the S-shaPed eurve was not affected at all. These
grayish white calculi consist of small and sand-like calculi.
The result of histopathological study of the bladder and the
        '
       'urethra,is shown i.n table 1--2.
     Hemorrhager edema and necrosis found in the mucosa and the
muscle of the bladder of both stee.rS. i,ndiqate cystitis in the
bladder. The intensity efi cysti'tis appeared to be more•severe in
B steer than in A'steerr because water lodged cells (fig. 1-9),
round cells infiltration and suppurative foci were found in the
bladder of B steer. Severe hemorrhage and round cells infiltration
-7-
Table J. •-2 Characteristics
         the Urethra by





    Hemorrhage in mucosa and muscle
    Edema in mueosa•and rnusele
    Necrosis of rnuscle
    .Zncrease in nu:uber oE trgnsi.lional
        epitheliufu eells
   'Water lodged ce:ls in transitional
       -epithelium , '
    Round cells infiltration in mucosa
    Suppurative foci in rnucosa
Urethra
    Hemerrhage and congestion
    Desquamation of epitheZium
    Round eells infiltratien



















symbolst +, ++r +++, show the severity of lesions
ntld' r '++: rnoderate, and +++: severe).
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found in the inner tissue of the urethra indicated that the
urethra suffered from urethritis. The formation of granulation
tissue was found in the urethra of B steer (fig. 1-10).
Discussion
When urinary calculi were present at the prepuce, both steers
suffered from dysuria. When they were removed from the prepuce,
dysuria disappeared. Therefore, calculi at the prepuce maybe one
of the causes of dysuria in fattening steers. Since urinary
calculi were occasionary found in,the bladders of normal animals,
the presence of calculi in the bladder may not be the main
causes of urolithiasis. However, the urinary calculi was found
at the S-shaped curve of the urethra in both steers having
urolithiasis, and it was considered that inability to urinate may
be caused by the presence in the urethra. Pontius et al. 69 )and
Newsom et al. 6l )had previously reported that urinary· calculi in
the urethra would be a direct cause of urolithiasis in sheep.
The considerable morbid changes were observed in the
kidneys of both steers at autopsy and by th~ microscopic
examination. Several workers 57 ,6l,69)observed the dilatation of
the kidneys in sheep suffered from urolithiasis. However, Beeson
et al. 5 )reported that the very little damage was found in the
kidney structure of sheep having urolithiasis. The renal organs
of B steer showed greater changes than the other steer. This
animal had been frequently suffered frorndysuria since relatively
earlier period of fattening.
There may be the positive relationship between the duration
of dysuria and the degree of morbid changes in the urinary organ.
If an animal is slaughtered shortly after finding the symptoms
of urolithiasis, the kidney may not be damaged much because of
the short period of dysuria. Most of renal morbid changes may
not be the primary cause of calculi formation in steers, because
urolithiasis was found even in animals not 1).aving renal morbid
changes. Desquamated epithelium of the kidney may form the nuclei
of urianry calculi. Further studies would be necessary to find
the effect of renal morbid changes on the formation of urianry
calculi.
- 10 -
Fig. 1-3 Enlargernent and
steer.
decolorized kidneys of B






Fig. 1-5 Severe hemorrhage
and small globular in the mucosa of
   ,
 urmary calculi.
bladder
Fig. 1-6 Lodging of a






























Fig. 1-7 Edema in =enal epithelium
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Fig. I-9 Water lodged cells in
xnterstztial epithelium of bladder,













Fig. I-6 EnlargeTnent of glomerular
basement membrane, x 280, HP
staining.
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Fig. I--8 Suppurative foci,
increasing in number of connective
 'tissue cells, and involuting and
disappearing of renal tubule,














                         Summary
              '
     [[Wo fattening steers having urolithiasis were slaughtered
to find where urinary calculi had lodged and to observe the
rnorbid changes of the urinary organs.
           '
     The kidneys of both steers were slightXy enlarged and
      'decolorized. !t was diffSeult to separate the capsule fibrosa
of the kidney. Many calcuZi were found in rnost oE the renal
                     'calix. By histopathoZogieal study oÅí the kidneys, ehroniÅë
nephritis was observed in one steer and serious renal insufficiency
was observed in the other steer. :t was also observed that'
the tissues of the bXadders had becorne thin and the inner
tissue had extremely injected. Many glassy calculi like rice
                            'were found in the bladders.
                                  '
         'A unnary ealculus about O.6 em in diameter was present
at the end of th6 sigrtioid fiexture of both steers. The hemorrhage
was found in the in' side of the urethra ftom the bladdbr to
                      'the end of s-shaped curve. However, the urethra beyond the
S-shaped curve was not affected. The lodging of urinary calculus
at.the S--shaped curve would cauSe dysuria, which might lead to
uroiithiasis.
    :
     Desquamated epithelium cells of the kidney may form
the nuelei of urinary calculi. However, further studies
would be necessary to d'eter'mine whetiher the histblogical damage
of the kidney is the cause of cazculi formation or not.
                     tl" t
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CHAPTER 2 CHEMICAL COMPOSITION OF URINARY CALCULI IN FATTENING
CATTLE
It has been reported in foreign cOUntries that various
kinds of urinary calculi having different chemical composition
were found in hervivorous animals. Law52 )described eight types
of calculi from cattle, classifying- them according to their
appearance and chemical composition. The four types are mainly
calcium carbonate with varying amount of magnesium ammonium
phosphate, siliceous and carbonate types. Blout7 )lists seven
types of calculi in cattle.
,As a preliminary step to study the etiology of urinary
calculi, the chemical composition of calculi must be determined.
The present experiment was conducted to determine the chemical
composition of calculi found in fattening steers in Japan and
to study the difference in shape and chemical composition among
calculi in various urinary organs.
Materials and Methods
The samples of urinary calculi were collected from animals
kept at' several places of western Japan as ·shownin table 2-1.
Calcul{ in the prepuce, crystals found in the prepuital hair
and the precipitates in the urine were collected from Wagyu
fattening steers and bulls. Fresh urine were left stand for
- 15 -
  an hour and filtered to get precipitates. Urinar"y calculi from
  the kidney, the bladder and the urethra were collected frorn two
  wagyu.fattening pteers which wOre used in the preliminary
       ,
  experiment and those of analytical qata were shown in table 2-2.
Table 2-lSarnpli4g places and urinary organs from which urinary
        calculi were collected
Bladder Urethra Prepuce Prepuital PrecipitateE
  hair in urine
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                                 '
     Urinary calculi were dried at 105 C for five hours and then
total nitrogen was determined by the micro-Kjeldal Method. After
     '
                              :
      .measupng total asht phosphorus was determined by the method of
Fiske,and subbarow29). calciumt magnesium, sodium and potassium
were determined by atornic absorptio•n spectroscopy. Carbonic,
     '
           '
                                           'oxalate, uric acid, xanthinr cystine and cholest6toi in calculi'
were analyzed qualitatively. The presence of polysaecharide was
- X6 --
checked by the PAS,stainlng rneth'od and the presenee-of protein
by the xanthoprotein reaction.
     The macroseopic and microscopiq observation on•the•
appearance of calculi and preÅëipitates in the urine were made.
some of calculi were examined by the PAS staining method.
                          Resu1ts
              t
     The chemical composition of urinary calculi •and urine
precipitates are shown in table 2-2.
Table2--2 Composition of urinary calcuii and precipitates in urine
Bladder Urethra Prepuce Prepuital Ptecipitates
  hair in urine
No. of s4mples
Dry mattdr g
             *
  Total ash g




















































































































Dry matter of urinary calculi from the bladder and the
urethra was about 80 %, of which approximately 73 % was ash.
Phosphorus amounted to 23 % of ash and it was the largest
component of minerals. Following phosphorus content, magnesium
content was larger component of minerals. Potassium content was
5 to 10 % of ash, and calciurncontent varied·· from O. 3to 8 % of
ash.
The composition of urinary. calculi obtained from the. bladder
was similar to that of the urethra, and the component of calculi
in the prepuce was similar to that of the prepuital hair. Calculi
from the bladder and the urethra had higher content of dry matter
and significantly lower contents of ash and nitrogen than those
in the prepuce and the prepuital hair. Sodium and potassium
contents of ash were significantly lower in the former than the
latter.
There appeared to be little difference among locatipns and
between steers and bulls in the chemical composition of urinary
calculi. Therefore, most of urinary calculi from fattening
cattle in Japan seemed to be made of magnesium phosphate. When
.. - .
compared with precipitates of urine, urinary calculi containe¢t
higher total ash and phosphorus, and lower levels of potassium.
In the qualitative analysis, oxalate, cystine and cholesterol
were not fo~nd., but carbonate,. protein and polysaccharide were
observed in urinary calculi. Uric acid ahd xanthine were not
found in calculi ,from the bladd.er, but observed in calculi from
-: 18 -
the prepuital hair.
Table 2-3 indicates the analytical result of calculi from
twostteers used in the preliminary experiments (chapter 1).
Table2-3 Mineral composition of urinary calculi
Kidney Bladder Urethra
Total ash %* 78.90 80.18 83.12
Calcium %** 0.17 0.08 0.35
Phosphorus 24.95 27.54 27.36
Magnesium 21.38 22.55 24.24
Sodium 5.82 2.98 2.50
Potassium 4.95 4.92 4.47
%* . percentage to dry matter.
%**: percentage to total ash
Total ash and each mineral contents of these urinary calculi
were similar to those shown in table 2-2. The chemical composition
of urinary calucli from the kidney was similar to that of the
bladder and the urethra except that sodium content of the former
was about twice as much as that of the latter.
Characteristics of urinary calculi of the kidney appeared
to be 'different from those of the bladder and the urethra. The
calculi from the kidney were somewhat hard and sand-like, and
showed large irregular concretions (fig. 2-1). Most of calculi
in the bladder were hard, globular and glassy like rice. The
caiculi in the urethra were whitish and globular, about 0.5 to
- 19-
O.6 cm in diametert and consisted of small par' ticles sinilar to
those found in the bladder. The calculi in the prepuce and
prepuital hair were gray-whitish color and were fragile. '
     Under the microscoPie observation, calculi from the kidney'
had indeterrninate shapes. Most of micro calculi from the bladder
were like seTnitransparent stones ' (fig. 2--2År.'The large calculus
from the bladder had many layers in it and the layers were also
found by the PAS staining rnethod (fig. 2-3). Small crystals ef
triangle prisrn were found in the preciPitates of the utine- -
(fig. 2-4), The same many crystals as found in the predipitates
of the urine and a few granular crystals were found in microscopic
pictures of calculi from the prepuce and the prepuital hair
(fig; 2-5). PAS positiVe materials of red-purPle coler were
always found around caleuli from the prepuee and the prepuital
hair.
                         Discussion - -
     Zt was reported in the USAt Canada, AustraZ-t:-a-- andNew'Zealand
that calculi EroM grazing cattle and sheep were rnainly rnade of
silica2,5,r17t59). woodruffl02)reported urinary• calculi consisted
of calcium• phdsphata. !t'Was also reported i'n the USA that
pho'sphorus and rnagnesium were the main components of calculi •in
cattle and sheep which were fuil-fed concentrate rations, such
as rniloJ.3r2Z,57t64,73) .
                      •
                                                          -
            '
                           - 2'O -
    ,Phosphorus and magnesium were the main eompqnents of
urinary calculi in this experiment. Calcium content in calculi
was generaZZy lowr and silica was a minor component. Thereforer
urinary calculi from fattening cattle in Japan may be magnesium-
phosphate type.
                                                          '
     The rnineral coraposition of urinary ealculi of the kidney
was little different from those of calculi in- the bladder and
the Urethra. ealcuZi of the kidney contained larger amount of
sodium than those of the bladder and'the urethta. The treason for
this'is not known yetr but the process of calculi formation in
the kidney may differ frorn those of the bladder and-the urethra.
  ' The mineraZ eomposition of urinary calculi in the bladder
and the urethra was similar. rt was Eound that calculi in the
urethra[cOnsisted of small calcUli similar to calculi found in
the bladder. Therefore, it was considered that calculi in the
bladder moved into the urethra with the urine, lodged at the
narrow curvature Of urethrat and-formed calculi in the •urethra.
     Calculi in the prepuce and the prepuital hair had higher
nitrogen content than those of the bladder and the urethra.
ThereÅíore't ammonium might be one of the componentS of calculi in
the prepuee and thei prepuital hair. cornelius et al.14)reported
that. fine crystals Of triangle prism fiound in calculi from the
prepuce and bhe prepui'tal hair were•ammoni•um rnagnesium phosphate.
The dry matter percentage of 'calculi in the prepuce and the •
prepuital hair were lower than those of the bladder and the
                                                           '
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urethra. The apparent differences in gross appearanc.e and
ndcroscopie pbservation were found between the forrner and the
latter. Thereforet it was suggested that calculi in the prepuce
and the prepuÅ}ta! hair were ammonium magnesium phosphate type and
caiculi in the bladder and the urethra were magnesium phosphate
     The chemical composition of calculi in the prepuce was
similar to that of the prepuitaZ hair. The apparent structual
difference between calculi in the prepuce and the prepuital hair
was not found under the microscope. Therefore, the process of
calculi formation in the prepuce would be sirnilar to that of the
prepuital hair. . •
     Next to phosphorus and magnesium, potassium was found to be
considerably high in urinary calculi. Potassium content was
higher in calculi of the prepuce and the prepuita' l hair than
those of the bladder and the urethra. Urine precipitates
contained higher level of potassium than urinary ca!culi. In
other experiments of this study, it was found that the ratio of
potassium to phosphorus and magnesium was considerably higher
in the urine than in calculi. Therefi6re, it was considered
that the increase of potassium content in calculi wa$ due to the
contamination of calculi by the urine.
     A small amount of sodium was found in urinary calculi. As
sirnUar to the case oE potassium, calcu!i in the prepuce and the
prepuital hair contained larger amount of sodium than those of
-22-
bladder and' the /urekhra,. Mhis raay be eaused by ur=n'e sodiurn.
-23-
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                         Sumary
     ThiS experiment' was conducted to deterrnine' the chemical
composition of urinary calculi found in fattening cattle in
Japan and to study the differences in shape and chemical
cornposition among calculi obtained from various organs.
                                                      '
     Urinary calculi were collected from the kidney, the
bladder, the urethrat the prepuce and the prepuital hair.
Ash occupied 70 g of dry matter of urinary calculi and the
                  `
  .maJor components of ash were phosphorus and magnesium.
Thereforer urinary calculi found in fattening cattle in Japan
may be principally magnesiurn--phosphate type.
     Sodium eontent of urinary calculi obtained from the
kidney was about twice higher than those of calcuZi found
in the bladder and the urethra. Dry matter contents of calcuZi
obtained from the bladder and the urethra were significantly
higher, and nitrogen contents were lower than those of ealcuZi
from the prepuce and prepuital hair. Sodium and poeassium
contents in ash of the forrner group were significantZy lower
than those of the latter.
                                         '
     Zn microscopic observation, erushed calculi of the kidney
showed indeterminate shapes, and most of micro calculi found
in the bladder Zooked like semitransparent stones. The larger
caleulus frorn the bladder consisted of many layers. Layers










                       '
            i
                         'found by PAS staining method. Many crystals of
   ,
 pr:sm and a few granular crystals were found in
.the.prepueg and prepuital hair. ,
                                  't
 chemical compQsitions and mlcrgscopic pictures
 frorn the kid4eyt the bladder, ghe urethra, the
hair are different, thg various process oE calquli
can be expected for each calculi.
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cHAPTER 3. RFJLAT:ONSHrp BETwEEN uR!NE AJnD sERuM mNERAL LEVELS
           AND rNCrDENCE OF UR:NARY CALCULI IN FATTENTNG
           STEERS
     Ttie occurrence of urolithiasis in steers is often found
at the,end of Åíattening period when high concentrate rations
     ,are g=ven. Zf the formation of urinary calculi is induced by
che coneretion ef urine minerals, the concentration of various
urine mine.rals may change when urolithiasis ocaures in an
animal.
     This experiment was conducted to examine the changes of
mineral levels in the• urine and'the serum'throughout the
fattening period and to deter:nine the relationship between
the nineral levels of the urine and the serum and the
occurrence of urolithiasis in steers.
                   '
                   Materiais and Methods
                                              '
                                                             -
   , Fifteen castrated Wagyu calves were divided into two
               . A4
groupsr and were fed for 10 menths. Feeding period, initial
and fiinal.body weight, daiZy gain and feed consiymption of
the animals were shown in table 3-1.
                                               '
                              '
               -
     :n A group, concentrate ration was liberally and roughage
was fed ebout ?. kg qaily t,hroughput the fattening period and
.in B group, cqncentrate ration was given approximately 1.3 g Of
       '
                           - ?7 -
the
Table3-1 Experimental design and feeding performance
Grou A B
SteerNo. 1 2 3 4-15 L
lt
Feedingqays 295 283 283 328
i'znitialbodyweight,kg 212 217 222 213
Finalbodyweight 544 500 516 450
Dailygain 1.13 1.00 li04 72
Feedcons.umption
Concentrate l944 l660 2012 14o6
Roughage(dryrnatter) 586 637 593 1562
body weight and roughage was full-fed. The concentrate ration of
both groups •consisted of the following : ground corn 45 g. barley
25 g, wheat bran 15'Z, rice bran 7 V soybean meaZ 6 g, sodium
ehloride l g, cqlcium carbonate 1 g. The chemical composition of
the concentrate ration was the following : O.36 g calcium, O.49 g
phosphorus, O.22 g magnesium, O.43 g sodium and O.86 .t potassium.
     The roughage were mainiy soiling corn, soiling grass and
grass hay. Water was avaiiable at ali. tirnes. Hormone treatment was
done,.that is, 60.rng of hexesterol dicaprieate was injected at 3
and 6 months after the beginning of the experiment.,
     Blood sarnples were obtained by jugular vein puncture ence a
month. Urine sarnples were obtained twice a week in A group and
                              - 28 -
twice a month in B group. After the pH values of urine sampZes
were determined, a few drops of acetic acid and toluen were
added to the samples and stored in the stocker at -200c untU
                                              'analyzed. Blood sartiples were also stoxed in the stocker.
     Ur:ne pH va!ues were determined by giass rod pH meter.
calciumr magnesium, sodium and potassium of ehe urine and the
serum saTnples were det, ermined by atomic absorption spectrometer.
urine and serum phosphorus were determined by the methed of
Fiske and subbarow17), urine chloride by the method of volhard-
Harveyt urine :nucoprotein by the Tmethod of Anderson-MaclaganZ).
                                                '
     As shown in table 3--1, the initial body weight Was similar
between A and B group. The final body weight and daily gain were
larger in A group than in B group. Throughout the fattening
period, A group consumed more concentrate ration than B group,
                                                    'and had one third of roughage volume fed to B group.
     Urolithiasis occurred in al! steers of A group'. Especially
steer No. 1 had the most serious urolithiasis arnong them.
Whitish crystals were found in the prepuital hair in early fall
and the urination of this animal stopped in winter. Arnrnonium
chloride, 40 g daily, was given to the animal several times.
rn steer No. 2 and No. 3 of A q.roup, whitish crystals were also
found in the prepuital hair in nid-fall, but these animaXs were
- 29 --
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not suffered from serious urolithiasis during the fattening period.
Twelve steers of B group did not show a sign of urolithiasis at
all throughout'the fattening period. Therefore, all the data of
B group were combined and the mean valpes of the group were used.
             i
     The data of mucoptotein, rdneral and the pH values of the
urine were shown in .figure 3-1. No elear differences of the urine
                            'pH values were found' between the beginning and the end ' of the
fattening period and between A ana B groups. The urine pH values
of steers showed around 7.0 throughout the fattening period.
     Vrine caleium levels of all steers remained considerably low,
but its sudden incr'ease was observed occasionally. No apparent
differences of urine ealicurn Zevel were found between the
initial and the fina! period and between A and B group.
     Urine phosphorus, magnesium and sodium levels' tended to
increase at the latter half of the fattening period in steers
suffered from urolithiasis. However, urine phosphorus and sodium
levels rernained low throughout the experiment period in steers
of B group. Urine rnagnesium levels increased at the latter half
                                         'of the fattening period in B group.
     There was no clear trend for urine potassÅ}um and chloride
levels but they sdemed to decrease slightly in sumer. Urine
potassium level of A group was always lewer than that of B
group. When ammonium chloride was given to steer No. 1, the urine
pH value decreased and urine calieum and ehloride levels increased.
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     Calciumr phosphorus and rnagnesium levels oe the serum .
sarnples frora A group were lower than those of B group throughout
the fattening period.. Serurn calciurn levels increased and
phosphorus ievels decreased during the latter half of the
fattening period inBgroup. . .
                            tt
                          Discussion
                               '
     From the results mentioned above, it was found that urine
phosphorus, magnesium and sodium level$ tendqd tq increase
during the latter half of the experirnent•in steers whieh
developed urollthiasis. The incregse of these minerals may be
due to the i.ncreased intake of these minerqls from rations,,and
may be due to the abnormal mineral metabolism. There wdre no
apparent trends for urine calcium, potassiun and chloride for
the,.entire Eattening trial in all steers. Howeve;.t urine .
potas$ium and chloride decreased a little in sumer. This may
be due to the increased water intake by animals which causes the
ingrease o.f the, urine volume in surnmer.
                                           '
     For steers not having .urolithiasis, urine phosphorus and
magnesium.levels
 were high. HoweVert Urine POtaSSiUM leVfi89s7i64,73)
were low in steers suffered from prolithiasis. Some wo;kers'
reported that the high urine phQspborus leveX would be the Trl,ost
,iMportant measurable.factor assgciated with the ingidence of
phosphatic urinary calculi in lambs. As mentioned in the chapter
- 34 -
2, the main components of urinary calculi were phosphorus and
magnesium. The incTeased urine phosphorus level may be the most
irnportant factor to induce the formation of calculi., ,
     cornelius et al.13)indicated that high levels of phosphorus
and sodium were present in the urine of lambs given calculi•-
provoking ration. However, it was reported that feeding of,
sqdium chloride to..animals was an effective .rneans tO ' prevent '
                        ' 11r22f89,90)calculi formationr which increased the urine sodium levels.
Thereforer the increase of urine sodiurn level may not be the main
cause of the formation of Urinary calculi. The urine potassium
levels of steers haVihg urolithiasis were low, but this maY not
have a direct•relation to the incidence of urolithzasis.
     paekett et ai.64)reported that urine magnesium ievers'were.
high in animals fed calculi-provoking rations. Although urine
rnagnesium levels increased durÅ}ng the latter half of the
fiattening period, there seemed to be no'clear relationship in
iprine rnagnesium level between anirnals having urolithiasis and -
anirnals not hav'ing it. Therefore,• the high level of urine-
magnesiurn may not be the main inducing factor to caleuli "
formation, but one of the factors to cause caZcuXi.
     Newsom61)and Frank et al.301indicated that the occurrenee
o• f- urolithiasis in sheep and cattle depended on urine pH.
crookshank -et al.15)also reported that alkaline urine seemed•
More cQnducive,to phosphatic calculi than aeidic urine. On the
otheE hand, xJindley et al.57}postulated that there was no
- 35 -
apparent r' elationship between the occurxence of urolz'thiasl's and
the leveZs of tirine pH.
     rn this experiment, the urine pH vaXues of steers having
urolithiasis were the sarne as those of steers not having' i'ti Zt
was found in a series of this studY when urine pH was increased,
the arnount of urthe precipitates inÅëreased. Howevert it had--been
well known when rumÅ}nants were ''fed the high level ofi graint urine
pH decreased and the occurrence of urolithiasis increased.
Thereforet the occurrence of urolithiasis in ruminants rnay not
be associated with the variation of urine pH.
     packett et az.65)reported that the higher level of urine
protein, rnainly mueoprotein, were found in lambs which developed
urolithiasis than those in lanhs which did not develop;.J. However,
the urine rnucoprotein level was not evidently different between
the beginning and the end of the fattening period.
     Calcium, phosphorus and magnesium levels in the serum were
lower in steers having urolithiasis than in steers not having it.
The data of Bushrnan et al.e'9) Robbins et al.73)and packett et
-al.64)indicated that the arnount of serum phosphorus was greater
than that of serum calcium in sheep having urolithiasis. Howevert
the amount of serum calcium was greater than that of serum
phosphorus in.a!1 steers having urolithiasis in this experiment.
The difference between the ` arneunt of serum calcium and that of
serum phesphorus was similar in steers which developed
urolithiasis than in steers which did not develop' urolithiasis.
- 3i6 -.
     Kunke! et ai.?1) packett and Hauschud64)and crookshank et
   15)
       reported that serurn magnesium levels had been higher inal,
sheep having urolithx'asÅ}s than in shee' p not having it. tohnson
et al.45)indicated that the occurrence of urolithiasis had not
been fouhd in 1'ambs whieh plasma maghesSum levels had beeh
inereased'
 threefold. rn this experiment, the clear re!ationship
wa$ not found between the ser' urn magnesium level -'and the
                          'occurrencd o'f uroliEhtasisL
- 37 -
                          Stmary ''` ' /
     This experiment using fifteen steers was eonducted to
                                                     .:exainine the changes of mineraZ levels in the urine an' d the
serum throughout the fattening period and to determine the
                                                          'relationship between the mineral concentration in the urine
              .4and the serum and tbe occurrence oÅí uro!ithiasis.
     Urolithiasis ocgurred during the latter half of fatteping
period in steers given high concentrate ration, but did not
oecur in pteers given enough roughage. Phosphorus, magnesiurrl
                'and sodium in the urine increased during the latter half of
fattening period in all steers. The incidence of urolithiasis
                                                           'was frequently observed when high concentration of phosphorus
and sodium and low coneentration of potassfurn were found th
              'the urine. The pH value oE experirnental anirnaZs weire about
                       '7.0 throughout the fattening period and seemed to have no
                    'reiationship to the incidence of urolithiasis. '
             '
     The difference betyyeen eaicfum and phosphorus levels
in the blood serum was smaller in steers having urolithiasis
than in steers not having it. Magnesiurn , sodium and potassium
levels in the serum had no apparent relationship to the
occurrence gf urolithiasis. :t is sugggsted that the high
ievei of urine phosphorus rnay be one of th6 most important
factors for the calculi formation.
                                            t
                            -
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 cHAPTER 4 EFFECT OF FEED!NG HrGH CONCENTRATE RATIONS ON MrNERAIu
           DV[EroABOLrSM AND rNCIDENCE OF URrNARY C7V)CULI
sECTION l Effect of Feeding Hzgh Concentrate Rations on Urine
       ' and Serum Mineral Levels in Wethers
     :t was obServed in a previous ekperiment that urine'
concentrations of phosphorus,'magnesium and• sodium •inerea' sed
and urolithiasis had occurred du,ring the latter half of fa'ttening
period in steers given high concentrate ra'tions. But these changes
had not occurred in' steers given enough roughage. Hawkins33År .
indicated the higher the level of concentrate to the level of
roughage, the greater the incidence-of urolithiasis. Zntake of
high concentrate ration rnay bring the $pecial effects on the
mineral metabolisrn in ruminants.
     The study in this chapter was 'conducted to•deternd'ne the"
effect of high concentrate rati6ns on rnineral metabolssm and then-
examine the relationship 6etween nineral metabolisrn and
physioiogical changes in rumen.
                   Materials and Methods
     This experiment consisted of two trials. rn trial l, six
wethers, aVeraging about 35 kg, were fed for 67 days in
spring. Zn trial 2, six wethers, averaging approximately 43
kgr were fed for 67 days in sumer. Wethers were given
- 39 .
      '
 four different concentrate to roughage ratio consisting of'
 following in percent ; 90:IO, 80:20, 70:30, 60:40t in each of
 four periods ef twenty days. The compo,sition of basal ration
 is shown in table 4-1.
     1rmen a high eoncentrate ration is abruptly giyent the effeet
on mineral metabolism may be different from that in the case
-vhich a high concentrate ration is gradually increased. Therefore
six wethers were a!loted two groups with three wethers each in
both trials. One group was given frorn 90:10 to 60:40, and the
other group frorn 6Q:,40 to 90:10. The ration was given twice daily
at the level oi 1 g of the body weight, and w.ater was avai;able
at all times. The minera'1 eonPents of ration are shown in'tabie
4-2.'
     After thirteen days of preliminary periodt urine, serum and
fecai samples were obtained during the next seven days in each
four periods. Urine samples were collected under toluene and urine
pH values were dete'vmined for each 24-hr collecEi6n." Fecal samples
                                                           'were drie.d ' prior to storage. Blood samples were obtained by jugular
  .ve:n puncture•twice a sarnp.ling period.
                             Results
      '
     The results ef mineral intake', excretion and retention in
both trials are shown in table 4-3. ' ' '
      '
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TabXe4-J Composition of basal ratÅ}on




    qomposi'tion
    ' 'Flaked cJrn 90 %
        Soybeqn meai 10 e/o
                   -
  Minerai suppiemeht
        GalciUm carbonate
" Sodium ehloride
  Composition
      Barley 75
      Soybean meal 25
MÅ}neral supplement
      Calciure carbonate
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{rable4.-2 Dietary mineral contentB
con' 6entrat' e-roughage ratio l)
..---.--..mS69ikg-.m-Z9i29--Q9iZ9d--29il9---O --O
Trial 1
    caleium,
    Phosphorus .
    Magnesiutn
    Sodium -
   .Pota6sium
Trial'
 2
    Calcitim '
    Phos.phorus.
    Magnesium ,
    Sodium


















































          balances
coneentrate to
( Trial l )
roughage ratio on mineral
Cencent•rate to roughage ratio J)
6O :•4O 70:30 80:20 90:IO
caldi urn, g pe'r day
   lntake
   Urinary exeretion
   Feeal excretion
   Retention
Phosphorus, ' g per day•
   TnEake
   Urinary excretion
   Fecal excretion-
   Retention
Magnesiurn, g per day
   !ntake
   Vrinary excretion
   Fecal excretion
   Ret'e' ntion'
Sodium, g per day
   :htake -
   Urinay'excretion
   Fecal bx'cret'ionL'
   Retention
Potas' sium ',- g per day
   rntake
   urihary excretion
  Fecal'excretion
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Table 4-3-2 Effect of
          baiances.
coneentrate to
( Tr' ial 2 )
roughage ratio on mineraZ
vaConcentratetorh t 1)
- 60:40 70:30 8O•: 20 9O : 1•O
Calcium, g pe'r day
   :ntake
   Urinary excretion
   Fecal. excretion
   Retention
Phosphorust g per dqy
   rntake
   Urinary excretion
   Fecal excretion
   Retention
  '
                 ''Magnes;um, g per day
           '
   :ntake
   Urinary •excretion
   Fecal excretion
   Retention
Sodiurn, g per day
   :ntake'
   Urinary. excretion
   Fecal excretion
   Retention
Potassium:, g.per'day
   rntake
   Urinary excretion
   Feeal excretion






























































































































































































































l) :g of air dry matter
-- 43 -
     The fecal'caleium excretion and the calcium retention tended
to be parallel to the amount of calcium intake in both trials.
zn comparison with the fecal excretion, the urÅ}ne calcium excretion
was very low. The urine excretion averaged about 1.5 and 3.0 g
of total ' excretion in each triaXs. The urine calcium excretion
            'tended to be indrease' d s!ightly in higher concentrate rations
                                           'in trial 1, while it was decreased a little extent.in higher
concentrate rations in trial 2. '
     The fecal excretion and the retention of phosphorus were
                                           'approximately parallel with chapges of ph,osphorus intake in trial
1. But, in both trials, the urine phosphorus excretion increased
in higher concentrate rations and was not parallel the phosphorus
intake. The phosphqrus intake was evidently lower in trial 1 than
in trial 2.. And negative phosphorg.$ retentio4s were Eound in
trial l.'The urine phosphorus excretion falled into the range
      'frorn 3.9 to Z5.l g of totaZ excretion in trial 1 and the range
from 12.6 to 24.6 ig in trial 2.
     The fecal magnesium excretion and the urine magnesium
                           .excretion were parallel to the amounti of rnagnesium-intake, and
the'magnesium retention appeared to be no obvious differenee.among
four treated rations in both trials. The mean urine magnesium
excretion was 38.X X of totai excretion in trial 1 and 37.7 g
,
     rn comparison with the fecal excretions of sodium and
-44-
Table 4-4 Effect of•







Concentrate-rou hage ratio l)
                     60:40
Trial 1
  UrÅ}ne values,m7g/lpdml
    Ca1ciurn
                  1.0
            tt                 '
    Phosphoru6
                 12;Z
    "Magnesium 58
    Sodiurn ,.               574
    Potassium                925
    Chloriae . '1059
  urine volurne, 'nt1 57S '
  urine pH 8.3
Triai2 • -- -
  Urine values,rng/100ml
    caZciurn '4.8
    Phosphorus • 17
    Magnesium , 42
    Sodium 129
    ?otassium '401'
    Chloride, . 590
  Urine volume, ml 2529
  urihe pli 8.2
70:50 80:2o 90:10







   8.4






   8.7
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   g.o
1) :g of air dry' •matter
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t
potassÅ}um, the urine excretions of these two'minerals were
extremely higher. !n trial lt 87.2 g of-sodium was•'exereted via
urine and 9Z.8-g of sodium in trial 2. The urine potassium
excretion w' as- 87.9 rg of toal excretion in trial l and'93.8 g in
trial 2. The Urine excretions of these two minerals were parallel
to the intakes of sodium and potassium respectively in two tri'als.
There seemed to be no obvious difference among treated rat-ions
in the retentions of sodium and potassium in-two trials.•Negative
potassium retentions were found in trial 2.
     Urine mineral concentrations in trial 1 and•2 are shown in
table 4-4. The urine calcium level was apparently increased in
wethers given the highest concentrate ration in trial l. On the
contrary, the urine ca!cium coneentration tended to be slightly.
decreased as the concentrate to roughage ratio increased in
trial 2. The urine phosphorus level tended to be increased in high
                                  '
                           'concentrate rations in trial 1 and 2. Particularly, the increasing
of urine phosphorus was more evident in triai 1 than in tria! 2.
rn high concentrate to roughage ratio, the decreasing of urine
potassiurn !evel was found in both trials.
     No differenee in urine magnesiurn, sodium and chloride was
obviously found among four rations in two trials. rn comparison
with trial 2, urine levels of rna' gnesium, sodiumt potassium and
chloride were higher in trial 1. The lower pH values in urine were
found in the highest concentrate ration in trial 1,' whi!et in
trial 2, there was no difference in urine pH arnong treated rations.
The urine volurne was decreased to a little extent in higher
- 46 -
b
concentrate to roughage ratio in trial lt while there appeared
to be' no obvious dÅ}fferenee in the urine volume arnong four
rations in .,trial 2., The urine,. volume was rnarkedly more. in trial
                                                   'ir:..haig ".n.gr!g.idtSteThdlS differe"ee.may be due to.the season i.
     Serurn data frorn trial 1 and 2 are shown in tabZe 4-5. Serum
levels ofLcalciurn and potassium tended to be d' ee' reased to a
little extent in higher concentrate rations in both trials. Serurn
phosphorUs levels appeared to be inereased in high concentrate
to roughage ratiO in trial 1, while no differbnce was fiound
among four treated rations in trial 2.
-47-
Table 4-5 Effect
        mineral
of concentrate to
 levels in'wethers
roughage ratio on Bedeuq
          '
  ( mgllOOml }
mptoncntrateru ti1)
60:40. 70:50 80•20 90;10
Trial"1 li
    Calciurn
: -Phosphorus
    "Pagnesium
   'Sodium
    Potagsium' '
Trial 2
    Calciiim '
    PhosphoruS
    Magpesium .
    S9dium
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                          Discussion
     From the results of this experirnent, it 'was generalZy found
that there waS a close reZationship between the arnount of intake
and the urine'
 mineral exeretion and the serum rRineral levdl. But,
in trial Zt it was observed in wethers given the high concentrate
ration that the'utine caZeium letie! and excretion, the urine
phosphorus level were not parallei to the arnount oE eaeh mineral
intake. However} these trends were not'found th wethers of trial
2 given the ration which contained the higher level of protein.
     When wethers wete given the high level of concentrate
ration, urine pH were lowered in trial Z. This resiilt was in
accordance with the report bf Ree.d et ai.7i)that a mild form'of
                               'acidosis was observdd in cattle given 'the high 'c'oncentrate
diets and the acidesis was inanifested by a high titratable
aeidity. On the other' hand, urine pH was not decreased in wethers
of trial 2. The causie was considered as following that rumen pH
was heightened'by increasing ammonia prodUction when a high
protein ration was given' i'n trial- 2.
     :t was'found that urine caZdium leveZs' viere inereased in
wethers giv6n the higher level of concentrafe ration in trial
i. Lennon et al.54)repo=ted that glucose ingestion had caused
acidification of the tirinb and had increased utine calcium
exeretion in manL As" previously reportedlO,11t58'), inrine
calcium were rnarkedXy increased and urine pH were lowered when
- 49 •-
 ruminants were adrninis'tered ammoniurn chloride. The increased
 urine calciurn excretion would' be owing to•metaboXie acidosis
 which wa's induced bY aTnrnoniurn chloride. Lemman et al.concluded
 in their report53)that metabiic' acidosis produced a sharp increase
 of urine calcium excretion by causing'decreased•urine dellcium •'
 reabsorption•in the kidney. ' ,
      The clear inereases of urine phopshorus level and of urine
 phosphorus excretion• were found in wetihers which •were'fed with
 the higher level of concentrate which was high-energy and' low-
 protein rat-ion in trial 1. This resu!t was in a'c'cordance with the
 report of Ricketts eti al.72)and Reed et al.71). '
      zt was suggested by pitts et ai.68)'that changes -in acid
 load were effectiveZy eompensaYed by changes in titratable acid
 and arnmonia excretion when renal function was normal in non-
 ruminant. The' resUlts in 'this expeximent sugges'ted that acids
 produced by giving high Åëoncentrate rations are- excretedr in
 most partr as free titratable acid• , naipely,'phosphate "ion. On the
 other hand, scott et•al.77) showed that au of acid w'e're excreted
 as arnTnonium ions'when hydrechloric acid was SnfUsed intO the
 rumen. rt was aZso found in ghapter 7 that supplement of ammonium
 chloride increased the urine phosphorus le've'1•in samll extent
 although it 'lowered the urine pH. It may be co'nsideted 'from these
 findings that the kidney may excrete acid largeZy in cornbination
  .
 with ammonia• when aeids qre loaded as inerganio acids, such ast
                                                     'hydrbchloric'L acid'or amihpnium chlotide.
        '
                              .
   ,,rn triaX 2, the urine pho$phorus level gnd excretion were
                                                              'increased to lesser extent than in trial 1 when a high coneentrate
ration was given. The urine pH was not so different among four
treated rations. Since.the dietary phopshorus content was ,
slightly increased and the dietary calcium was decreased when the
concentrate and roughage ratio was heightened in triag 2. '.
Increased uri,ng.phosphprus, leV.el and exqre.tion wpuld be, in part,
owing to the lowered dietary cFlcium to phosphorus ratio.
     The urine levels of magnesium, sodium and potassium were
higher in trial 1 than those Å}n trial 2. This difference might
                                                             Tbe due to the difference of urine voZume between both trials.
Since potassium intake in trial 2 was not so different from the
value in trial l, the reason why negative retentions were shown
in trial 2 was not known.
     Since the heightened urine ealÅëium level may not be associated
with the formation of urinary calculi, other changes induced by
the high concentrate ration must be considered in relation to
caleuli formation. An acid urine seems to prevent the formation
of urinary caleuli. And a high level of urine phosphorus should
be the most important factor in calculi formation as discussed
in chanpter 3. rt may be considered that there may be boundary
line of calculi formation between urine phosphorus level as
agninducing factor and urine acidity as a preventive factor. !f
the inducing factor is stronger than the preventive factorr
PhOsphatic urinary caZculi would be forrned. Adverselyt if urine
- 51 •-
  acidity is superior to the increasing of urine phosphorus level,
  urinary ealculi would not be formed.
      In addition, early'work with rats by Eaton20)indicated that
  the additiori bf an exeess'of a'cid or basic $odzum phosphate to
  the food was 'followed by extensive paehological ehanges in the
 kidney. rt iS'aiso 'conceivabZe that the increase of urine
' phosphorus condentration induced by a high eondentrate ration may
                  .
 becom.e a cause oE renal pathological changes and an'inducing factor'
1
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                              Summary
                                        '
     The experiment of this section was conducted'to study the
 e•ffect of giving high concentrate rations on the urine and serum
minera: levels and mineral metabolism and to examine an inducing
 factor of calculi formation in wethers.
                                            '
     The experiment was consi$ted of two trials. In both trials
anirnals were given fiour different ratio of concentrate te
roughage eonsisting of following in percent ; 90:10, 80:20,
70:30t 60:40t. The concentrate ration in trial 2 centained higher
protein level than in trial l. ' ' ' -
                                tt
                  '
     ln triqlx l iz , ur ine pH va lue s ':.;were lowered iand - the urine
galcium and phosphorus levels and serum phosphorus levels elevated
as the ratio of qonÅëentrate to roughage increased, and these
changes were not paralzel to the amount of these mineral intak6s.
The increased urine phosphorus concentration induced by• a mild
acidosis may beeome Qne of causative facter to produce urinary
calculi.
     In trial 2, urine pH values were not ehanged and a close
relationship between the intake and tbe excretion of minerals with
the exception ef phosphorus were found as the eoncentrate to .
roughage ratio inereased. Urine eoncentration and excretion• of
                                                    -phosphorus were only inqreased to a sinall extent when a higher
eoncentrate rati.on was given. The increase of urine phosphorus
Would be owing to lowered dietary calcium to phosphorus ratio.
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sEcTzON 2 , Relationship Between Urine rv!.ineral Levels anq Rurnen
           Fermentation in Wethers Fed, with High concentrate"
                                                  '
           Ra t•ion .
                       t + ../.
     It was $hown in the experiment of chapter 4,.section 1 that
urine pH val,ues•had beerp- lowered and the urine,ealcium and
phosphorus levels had been elevated by givin'g high level of high-
energy and low-protein concentrate ratipn to wethers. Hgwever there
is little information about a cause why.'change$ pf urin.ecmin,eral
levels were 'inducgd by: g. tving aL high,,concentrate, rqtion. '
     Zt is well established t.hat.excessive grain consumptig.n
by ruminants eauses overlngestion, acute ipgestion,,diarrhea and
iactic acidosik8fi9'l90)trtd it is aiso weii known that voiatiie
fatty acid and lactic. acid productions i.n .the rurnen are ehanged
                                  19,74,87,88,100)by giving a high concentrate .ration .
                                             '
                '
                                                   .
     This exp.eriment was condpcted to sYudy,the cause of changes
of urine mineral levels through rumen fermentation when a high
concentrate ration w.qfi given in wethers.
                        '
                                        .
                  Materials and Methods
                     r
                      '
                          '
                               '
                      t
                 '
                                         '
     Six wethers, averaging about 35 kg, were fed with four
diEferent rations of which concentrate, to roughage ratio
COnsisting pf the following percentages ; 9P:,10, 80:20, 70:30,


















     Six wethers were alloted two groups with three wethers
each. One group (A) was given from 90:10 to 60:40, and the
other group• {B)'from-.60:40 to 9Q:10. The ration was given
                                                          'twice daily at the level of 1 g of the body weight, and water
wa.s available at all. time.s.. The composition of basal ration
and the chemical data of the ration are shown in table 4-6 and
4-7.
     After preliminary thlrteen days, rumen and serum samples
                ,t
               '
          'were obtained during tbe next seven days in each four periods.
vrine samples were collected everydayr and rurnen and serum
samples once a sampling period. Rumen and se' rum'
 samples were
         ,collected twice a sampling day, (i) just before the morning
feedt (2) at three hours afiter the morning feed. Rurnen samples
were taken by stomach tube and the pH va!ue of rurnen fluid was
Smmediately deterrnined with pH test paper. Rumen sample$ were
           j
              '
                                    -preserved with mercuric chloride for volatile fatty adid
                 -analysis.
                            .
  . Mhe volatile fatty aeids were analyzed as free fatty acids
by gas dhromatpgraph, and totai eontent of volatile fatty acids
according to the rgethod of conway43). Lactic acid '
eoncentrations were determined by the rnethod of Baker and
Sumrnerson4År. Blgod samples werg obtained from jugular vein and
colXected into tiubes containing heparin sodium..Blood sugar




Tab1e .4-.6 Compo'sition of th' e basal ration
concehtrate Rou ha e'
compositi6n' "'' ' '
   • - Flaked corn                               -9O
               Soybean meaZ 10
Min.eral supplement.
      • caidium carbonate
        '








Tab1e 4-7 Chemical analysis of the basal
      'raEion
Corn fl gke So bean rnea1
Ric6
straw






































                              ReSults'
                               '
                                     '
         -.
     The results of urine calcium,/phosphorus and magnesium '
cdncentrations are shb'wn in table 4-8. Urine calcium and -'
phosphorus concentrations were sig'
 nificantiy higher (pÅq.05) in
trie highest concentrate to roughage ratio than in the lowest
concentrate 'to roughage ratio in A group. The urine phosphorus
zevel 'in B grbup was increased to a little ektent with
heightening the concentrate to roughage ratio, but this trend
was not significant. Urine pH valUes were significantly
decreased ÅqpÅq.05) with•increasing the high concentrate in both-
        '
                                        'groups.
                 tt                    tlt   The results of pH value in rurn6n fluid are shown in table
4-9. Rumen pH values of post-fieeding were significantZy lower
                                              '(pÅq.Ol), as compared with those of pre-feeding. Althoug.h a
poticeable. char}ge was not found in ruinen pH v.alues -of pre- .
feeding, pH values of post-feeding .we, re..signiCicantly ..
decreased (pÅq.05) with heightening the eoncentrate to roughage ''
ratiO'in both groups. A substantial difference in pH values was
not found between A and B group.
     Th.e data of total VFA content and VFA composition in
rumen fluid were $hown in table 4-10 and 4-ll respectively.
                                                i
  '
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      Phosphorus
    " '• Magnesium
      PH
Urine Calcium
      Phosphorus
      Magnesiurn
      pH






































    a and b : Means with different superscript !etters differ
              si,gnÅ}ficantly ÅqpÅq.05) .
    o :g of 'air- dry m.atter .. .n. - r-. wn
Table 4--9E.ffect of concentrate to roughage ratio on pH values
                       in ruminal fZuid
                                     tt
                       tL tT
60:40 70:30 80:20 90:10
Pre -- feeding
      s
          '3 hr aftet
      A'


















































roughage tatio on total
in ruminal fluid
                 ( rrdvrllOOml)
Concentrate•-roughage ratio Z)
'60:40 70:30 80:20 90i10
pre-feeding
     A
     B
3 hr after
     A







































    b32.Z
s3.2b
64.2
     a and b :•Means with different superscript letters differ
               significantly (pÅq.05).
     1) :g of air dry rnatter 'm ' '-
     The concen'trations of total VFA were significantZy higher(PÅq.Ol)
in posVfeeding than those in pre-feeding. Tn rurninal fluid of
pre-feedingt a significant difference was not found in A group,
but, in B groupr the total VFA concentration in' the highest
eoncentrate ration was signiEicantly lower (pÅq.O.5) than that in
the lowest coneentrate ra' tion. Adversely in ruminal fluid of
                                      'post-feeding, a.significapt increase (pÅq.05) was found in A group,
while a certain tendency was not observed in B group with
Zncreasxng the concentrate ration. Vthen the ration containing
60 g cencentratie uas given, the total VFA concentration oE
-59-
Table 4--11 Effect of concentrate
composition in
to roughage ratio on VFA
rurninaZ fluid
                 ( mol g •)
Concen'txate-rou ha e ratio l)
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27.4
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at b and e:
1) : g of air





  post-feeding was significantly lower' .(pÅq.05)' in A group than
  in B. On the.contra.FY. , when the highest concentratie ratiori
  was given, the total VFA concentratiohiri post-feeding was,
  although n6t signifieant, highet ih' A tihan in B.
                                  tt
  `A signiticant ditference betweeri 'pre-feeding ana post-'
  feeding was not founa in a moZar percentage of VFA except '
  iso"valeric acid. As the concentrate ration increased, the
         '
  molar percentage of acetic acid was significantly(pÅq.05)
  decreased in'pre-feeding of both groups. Although th6 sa'me
  trend was observed in post-feeding of A group; a certaih
  tendency was not found in B group. 1then the highest eoncentrate
• ration was' given, the difference between A and B'' gtotip was
 rvSi-gF:ificant ÅqpÅq..Pr5) in acetÅ}e. acid. .
                                                    'Though the differerice was not significan't, a molar
  percentage of propionic acid in pre-feeding tended to b6
  increased 'as increasing 'trie concentrate ration. However a
  constant tendency was not observed ih 'propionic acid of
  post"feeding. The molar pereentage of butyric acid of pre-
  feeding was not significJahtlty affect6d by varying the
 Jeoncentrate to roughage' ratio.' A con'stant trehd vias not aiso
i found in butyric acid of A group in pdst-fdedifig, while the'
                            '
      '. signifieant increase(pÅq.05) was fourid in B group with
  inereasing the concentrelt6 ration. wheri the ration d
  containing 90 g concehtrate was given, the difference between
  '
                               .1
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A anq B was significant (pÅq.05) in bptyric acid. .
     As the concentrate ration ingreasedt the molar percentage
of valerie acid in pre-feeding and post-feeding was significantlY
(pÅq.05) increased in A group, whiXe no significant increase was
found in B group. The difference of C2/C3 ratio of pre-feeding
in A group was signif leant between the `groups. given 60 Z and 90 t
'condenttate .
     The Åëoneep.t4ation of lactic acid in rumen fluid is shown in
table 4-12. The lactic acid concentration in post-feeding were
significantly higher (pÅq.Ol) than those in pre-feeding. Though
the slight increase was observed in post-feeding as increasing
        'the concentratie ration, this was not' sÅ}gnificant. ParticuZarly,
this trend appeared to be Åëlearer in A than in B.
     The lactic acid' in blood plasTtia' vVere shbwn in table .4--l3'.
An obvious difference was not observed between pre-feeding and
post-feeding, between A.and B group and arnong. treated rations.
     Table 4-1.4 shows single correXation coefficien,ts between the
concentirhtions of urine'' caicium, phosbriorus and fuagnesiumt and
the VFA in rumen fluid. The urine ealciuTn was significantiy
correZated with the molar percentage of butyric acid Åqr=O.462,
PÅq•05), the valeric acid (r=O.499, pÅq.05), the total VFA '(r=O.440
PÅq.05), t-he rumen pH (r=--O.437, pÅq.05) and the urine pH Åqr=-O.656
   '
          JtPÅq.Ol). The phosphorus had a high relationships with the molar
Percentage of acetic acid (r,=--O.479, pÅq.05), the butyric acid





 vEA (r=O.436, pÅq.Ol), the .1.ac.tic acid (r=O.646,, pÅq.Ol), the.
 rumen pH (r=-O.640, pÅq.Ol) and the urine pH (r=-O.643, pÅq.Ol).
                                      r
Table4-12EfEect of concentrate'  tb roughage ratio on !actic
        . acid. leyel in ruminal #luipt
Concentrate-roughage ratio
(l of' air dr matter) 60:40 70:30 80:20 90:10
Pre-feeding
      :
3 hr after
    '- AH
      B








































(g of air dr matter) 60:40 70:30 80:20 90:10
Pre-Eeeding
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3 hr after
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 Rumen fZuid,
     C.2
     C3
     C4








   o.
   o.
  -o.







   *499.
032
   *440
288
   *437
   **656
      *
-O.42.9
-O.233
      **
 O.652
      ***
 O,842
-O.085
      *
 O.436
      **
 O.646
      **
-O.640 .












                         Discgssion
                                                     '
                                        i
     Dunlop and-Hammond19)reported rumen concentration of
                                                         '
approximately 160 mbIL of Lt-lactate and 60 mM/L of D-lactate
and pH values between 4.0 and 4..5 in,a.steer engorged with corn.
       I8)
          also observed an increase gf,blood ,lqctate reaehingDirksen
maxima of total lactate 240 mgg during the.first phase pf acute
acidosis. The degree of.acidosis.which was Åío.und in this study
was considered to be mild, since the.Iowest mean pH value in
rumen fJuid was 5.5.and the highest rnean level•o•f rurnen lactie
acid was 21.3 mgg.
                                                          '
     When 90 g of concentrate ration was givent the sign.ificant
increase of urine calcium and phosphorus levels were found only
in A group as,.the ratio of eoncentrate to rpughage increased.
The increase of lactic acid and total,VFA corpcentrations in rurnen
fluid was rnore in A group ,tban. in B. And VFA eompgsition was
significantly affected only in A group as. increasing ,t.he ratio
Of concentratet, that ist. a molar percentage of aeetic acid was
decreased and that of butyric acid was increased. The differences
of 'urine mineral levels between A anq B gr,oup may be owing to ''
those of rumen VFA.
                             '
                87År
     Telle et aZ.
            reported that the excretions of urine calcium
hqd been markedZy increased whithin 3 hrs. post infusion of racemic
solution of. D--Ili .lactic a.cSd Å}ntraruminalZy, fol.loved by a rapid
decrease over the next 2 hrs.. Dirksenl8')also observed the increase
. 65 -
of urihe and serum phosphorus cencentratioris during the adidosis.
Thetefore, the increase pf lactic acid level in rurnen fluid seems
to have surely a positive as'sociabion to Ehe elevation of urine
caZcium and phosphorus leveZ$.
     Since the increase of rurnen Zactic acid concentration was
a small amount in this experiment, other factors also may afEeet
the elevation of urine caleium and phosphorus levels. Topps et
al.88)observed the increase of urine phosphorus without any
increasing of rumen lactic acid concentration when the high
concentrate ration was given to cattie. Duniopi9)reported that
                                                              'an exponental decline in the concentration of lactate had been
observed after the addition of sodium lactate to the rumen of
cattle in a dose of n.4 rnb4/kg. Dirksen18)also postulated that
the lowering of rumen pH was not caused by an increase in lactic
aeid concentration when the aeidosis was less severe forrn.
     The molar percentage of butyric acid, valeric acid, total
,
VFAt the rumen pH and the urine pH had high correlations with
the urÅ}ne calcium and phosphorus. However, the molar percentage
of acetic acid and the rumen Zactic acid was significantly
associated with the urine phosphorus only. Therefore it is
conceivable that urine ZeveZs of calcium and phosphorus may be
a.ffeetedt in part at least, by different causes in wethers given
a high concentrate ration.
                                             -t
     The lactic aCid level in blood plasma was not clearly
Changed when the.concentrate to roughage ratio inereased.







. reported that injeetea L-lactate had a half-life
 and injected D-lactate had a half-life ofi approximately
might beL resulted from a rapid disappearance of .
froTn. blood ,plasma'• that there was 'no differenCe in
 levels.'in/blood plasma.
                  c
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                              Summary
                                       '
     This experiment was Åëonducted to study the cause of changes
ef urine m' ineral levels through rumen fermentation in wethers fed
with a high concenYrate ration.
     AniTnals were given the ration o.f four diEferent ratio of -
concentrate to roughage consisting of the fo!lowing percentages ;
              'go:lor 80:20t 70:30t 60:40,. gne grouio (A) abas givdn from go:lo
to 6o:4o, and the ether grdup {B) frorn 6b:4o' to go:lo.
     urine 'eaiciurn and phosphorus were increased in A group
                                  'by giving the highest concentrate ration. The rumen bH value
lowered in both groups, but the total VFA in rumen fluid' increased
only in A group as increasing the ratio of. concentrate. The rumen
laetic acid level, although not significant, increased in both
groupstll'
 while this trend was more obvious in ' A group than in B.
MoZar percentages of acetic acid, butyrie acid and valeric acid
in rumen fluid of post-feeding were significantZy ehanged only
.in A group with varying the concentrate to roughage ratio.
     Many 'vFA were'highly eorrelated with the urine ca16ium arid
  '
                        --phosphorus concentrations, but some VFA were significantly
dssociated with the urine phosph6rus only. Therefore it is
                                'COneeivable that' urine calciurn and phosphorus miy be affectedt
in part at least, by different causes in wethers given a high
         J
                            -68-
cHAPTER 5 EFFECT OF DIETARY CALCIUM•AND PHOSPHORUS LEVELS ON
          MZNERAL IY[ETABOL!SM IYND INCIDENCE OF URXNARY CALCULI
                                    t t-                                   'sECTION 1 Effect of Addition.of.Calcium Carbonate on•Minerai
                  +.                 '     '
          Metabolism and :ncidence of Urinary Calculi in
          'Wethers '
     Zn general, a concentrate ration conPains more phosphorus
and less calcium than a roughage. Especially pyheat bran and rice
                         'bran, whieh have been frequently used for fattening dattle in '
  'Japant are rieh in phosphorus. wrien a high concentrate ration is
                                            /-givent it is conceivable that dietary ealcium and phosphorus ratio
is low.
     A high dietary phosphorus level has been shown to induce a
                                  'high incidence of phosphatie urinary calculi in cattle and
                                                    'sheeS,!6,64}. on the othe'r hand, it was r'eported that the increase
    '
      '
                            'of calcium leveZ in the ration reduced .the'
 x'nci,dence of
cazculi 8t9,25t'26År
                 .
                                            '
                                                         '
     rn this chapter, the effect of dietary calcium and phospherus
                       .L tldvels on urine and serurn mineral leve!s and the incidence of
                                 tJ t/urihary calculi was inVesti'gated. And then the effect of dietary
                      -tcalcium levez on the distribution of mindfals in tne digestive
                                                     -
                                                   '
                -L
     This investigation was conducted to determine the influence'
                                                   .Of different calcium and .phosphorus levels on the forntng of
Urinary calculii urine' niineral levelst serum nineral levels and
            'min"eral balandes in weth6rs.
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                  Materials and Methods
                        t.
     This experiment was consisted ofi two trials. The eomposition
of basal rations and its mineral eontents •-are shown in table
s-l and 5-2. The .ration was given twice a day at the level of l
g oÅí the body weight. Water wa$ offered ad libiturn. Wethers were
placed in metaboZic cages throughout the experSmentaZ period.
     Urine sarnptes were colleeted under toluene and urine pH
values were determined for each 24-hrs collection. Fecal samples
were dried prior to atorage. Blood samples were obtained by
jugular vein puncture twice a samplgng period. These samples were
obtained during the last week of the experirnental period in both
trials.
     Trial 1 : Nine wethers averaging about 42 kg in weight were
divided into three groups, three wethers each, and were fed sixty
seven days from November to January. The each group was given
the following rations which contained O.l g calcium and O.6 8
phosphorus, O.6 g calcium and O.6 g phosphorus and 1.2 g calcium
and O.6 g phosphorus. The approximate levels ofi calcium and
phosphorus were achieved by adding calciuin carbonate to the basal
ration. At the end of the sarnpXing period, two wethers in each
group were slaughtered for the examtnation of urinary calculi.
     Trial 2 : Six wethers averaging about 53 kg in weight were
alloted for two groups, three wethers eaehe on the basis of weight,
and were fied for fiEty days from MarÅëh to May. The one group was
giVen the ration wbich contained O.1 rg calcium and 1.1 g phosphorus.
                                                                 .





The ration of the other group which was supplemented wiEh calcium
carbonate contained 1.3 g calcium and 1.1 g phosphorus. At the
end of the samp!ing period, all wethers were slaughtered and
t;he blgdder and the kidney were examipeq for urinary calculi.
'
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MabZe.s-2 Mineral cornpesition of ehe basai rations











































      At the autopsyt sand-like miero cal'culi werd observed visually
 in the kid'ney of 'one wether given the lowesti caldium ration in trial
 1 and each one wetiheJ r in both groups of tri'a! 2 had urinary calculi
 in the k!dney (tabZe •5-3). Urine mine'raZ 'levels, urine pH and urine
                                   '
         '
 volume" a. r.e- shown l.n .#able tt3,• '- = ' -tt -.--.---
                                                          ..fi-.--
                   -t- --t Vr-'n
                    '
   Table s-3 Effect of various dietary 6aicium and phosphorus ievels
             on the incidepce gf urinary galculi and .urine mineral
              '
             levels in wethers

















     No. of wethers
  'Urine values, mg/100 ml
         '
                 'Caleium
   Phosphorus
   Magnesium
   Sodium
   Potassium




  Oe6 1•'2 leO
lsoa g.3b 36C
 37 45 59lo4a uga 247b
so3a 4g- 3a sL4sb
135 - '129 171
784 570 585
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at b and c,
   e and f
: Means with dif.ierent superscript:
  sign.ifieantly (pÅq.Ol).





    'Urine calcium levels appeared not to be influenced by
increasing of the dietary calcium in both trials. Urine
phosphorus !evels in trial 1 appeared to be lower than those
in trial 2. Urine phosphorus levels were significantly lowered
(pÅq.OlÅr in trial 1,. but 'were adversely heightened (pÅq.05} in
triaZ 2 by the giving of calcitm carbonate.• Urine •rnagnesium
concentratiens were signifieantly ÅqpÅq.05) increased in higher
calcium group of Ltial 2t but the diEferenee between trial 1 and
                              '
                                      '2 was not signifieant.
                                           '
     Urine sodium and potassium concentrations tended to be
increased by increasing the dietary calcium content. The
difference in urine sodium•leveis arnong groups reached significance
in trial 1 (pÅq.Ol), and the increasÅ}ng of urine potassiurn was
signifieant in trial 1 (pÅq.Ol) and in trial 2 CpÅq.05). There'
was no substantiaZ difference in -the urine chloride and the
urine volume in both trials.
     The urine pH heightened (pÅq.Ol) when calcium carbonate was
supplemented to the ration in trial l. Howevert the urine pH in
     i
trial 2 was not significantly different between two groups and
these values seemed .to be considerably loib in comparison with
M trial 1. Mineral levels of bZood serum are presented• in
    'The serum caleium level was increased (pÅq.Ol) by the
SUpplementation of calciurn in trial 1, while the serum calcium
leVel in trial •2 was not'increased. The serum phosphorus level
- 74 -
Table 5-4 Effect of
on serum








































serum. values, mg/100 mi
   Calciurn
   Phosphorus
         ,
   Magneslum
   Sodium .



















































 a and b : Means with different superscript letYers differ
           significantly (pÅq.Pl). .
 '
 d an'd e : Mean"s with different superscript letters differ
           significantly (pÅq.05). '
tended t6 decrease with the elevation.of dietary calclum in both
triaZ"s,. but the difference was not significant. rn wethetts
givbn higher dietary calcium in trial 2, the serum magnesium
level decreased substantially (pÅq.05). There was no sign-ificant
differen,ce in ,tihe serum levgls of sodigm .and potassium in boPh
trials .; •,
     The mineral excretion and balances are,shown in tabie 5-5.
- 75 -
Table 5-5'Effect of
    on mineral
various dietary
 balances



































calcium, g per day.
   rntake'
   Urinary excretion
   Fecal excretion
   Retention
Phosphotus
   :ntake
   Urinary excreVion
   Fecal excretion
   Retention
      ,Magnesltm
   rntake
   Urinary excretion
   Fecal excretion
  [Retention '
Sodium
   rntake
   Urinary e'xcre'tion
   Fecal excretion
   Retention
    'Potassium
        '
   Zntake
   Urinary excretion
   FecaZ exeretion
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c :. Means with dlfferent supersexipt
    signiÅíicantZy (pÅq.Ol) in tria: 1.
                                 ,Åí : Means with different superscript
    significantly {pÅq.Ol) in triaZ 2.






    There was no significant difference in the urine calcium
excret=on ,among treatrnent groupE m both trials, while the .
urine cal.ciurn excretion in trial 1 was larger i.n,amount than
that in trial 2. The fecal calcium excretion and the calcium
retention were significantly incrgased (pÅq.Ol)•with the
supplernentation of calcium to the ration in both ,triaZs. Negative
caZicurn balan-ces w.ere observed in wethers given the lower calcium
ration in trial 2.
    As the ca!cium level in the ration increased, the urine
phosphorus excretion decreased signifieantly (pÅq.OlÅr in trial 1.
Though a significqnt difference was not feund, the fecal phosphorus
excretion appeared to be increased by giving the high dietary
calcium in trial 1. The aqministration o# calcium to the ration
appeared to increase the urine phosphorus excretion anq to
decrease the feeal phosphoru$ excretion in trial 2, though
differences were not significant.
                                                           -
     No. significant difference in the.urine excretiont the fecal
excretion and the retention of magnesium was found arnong ,treatment
groups in both trials, while the increasings of urine magnesiurn
excretion and of the magnesium retenVion approached significance
in trial 2 (pÅq.05).
                                 '
                                             '
     Vrine excretion of. sodium and potassium increased (pÅq.Dl)
,in wethers given the highest dietary calicurn ratign in trial 1.
                                                                  t!n . trial 2, the, difference in urine excretion of soÅëum and
            ,Potassium.was npt so apparent between two groups as the
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case in 'trial 1. The fecal excretion of sodium and potassium
were apparently decreased wÅ}th the supplementation of calcium
carbonate.to the ratibn in both trials. And the difference in
the fecaZ potassium excretion between two groups was significant
in tyial 2 (pÅq. Ol). There• was no $ignificant difference in
sodiurn and potassium retentions among three g'roups.in• trial l
and between two groups in ,trial 2. • ,.v
                                               1 n,
                         Diseu'ssion
                                                    N.
     A small amount bf urÅ}nary caZculi was 'fOund in 'the kidney
oÅí one wether'given O.l g calcium ration.in trial Z. This
suggests that there,is the protective'effect of giving calcium-
carbonate on the forming of urÅ}nary calculi when the phosphoru$
leVel of a ratSon was O.'6:t. This result was supported by the
reports oi several workers that Åëalcium carbonate offered some
degree of protection of phosphatic urolithias!s8-11,l6-ISt,24t25).
  ' rn the experiment of chapter 3, a•positive'rLelationship was
ebse=ved •between the high !eveZ of urine phosphorus and the
ocetirrenc6 of urinary calculi. The urine phosphorus level and
exeretion were'deereased-by 'the addition of"calCium .carbonate
to the ration in .trÅ}al l ef this expetiment. Therefore the efficacy
Of calcium '•carbonate .on the protection of calcUli -fotmation seemed
      '
                  '
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to be •due to.the reduction of urSne phosphorus ,leve!. This view
is in accordanee wi'th the demonstration of several . ,.
researchers .
     Xn this experiment feeal•phosphorus excretion were ihcreased
in wethers which were given high dietary calcium ration Å}n trial
1. This result'suggested that• the addition of calciurn to the
ration led to the precipitation of unsoluble calcium phosPhate
and interfered the absorpEion of phosphate. Decreased urine and
serurn phosphorus levels caused by adding calcium carbon' ate would
bet in parttowing ."e,or..- •the interEerence of phoSphorus absorptien.
     GiJll et ai.31)reported that the proctective effect of
calcium carbonate.against phosphatic urolithiasis in rats appeared
to involve a decreasing of phosphatic absorption from intestine.
Leuker et al.55)and Ricketts et al.72)indicated that animals
given the ration of low caleium to phospborus ratio absorbed the
greater arnount-of dietary phospborus than animals'given high
calcium to phosphorus =atio. . .
     Moreover} jt is generally believed that ionized ca!cium
levels in the blood regulates parathyroid hormone secretien.
Tt was also reported that a reduCtion of, urine phosphorus
excretion followed the intravenous infusion of calcium 'in normal
meR5t36,41)The apparent absorption of.calciuTn was strikingly
ihc•reased.and 'the serum calcium level was clearly increased by
giving calcium carhona•te in trial 1. Zt may be possible to
                                                            .
          i
                                                    'COnsider in wethers given high calcium ration that high serum
Ca-icium levels would induce hypoparathyroid state and secondary
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hypoparathyroidism redu- ced urine phosphorus excretions.
     On the centrary, u.ri'nary calculi Were found in the kidney,
in each one wet.her of two groups in trial 2 and calciurn
supplernentation was cbnsidered not to be effective to prevent
urinary calcium. Xt was also observed in triaZ.2 that the urine
phosphorus level was increased.hy giving calcium' carbonate and
these values were extrernely high in both' groups Å}n comparison
wSth in tria'l'1. [.he ur.ine calcium level was higher in trial 2
     The phosphoru$.Ievel in t•he ration used. in trial 2 was l'.1
Z, and the dietary calcium leve•l in cal'c'iurn supplemented =atlon
was 1.3 g. :.ushman e.t aLll)indicated that calcium to phosphorus
ratio in a ration should be at leaSt 2:1 in order to prevent
urinary caiculi and vipperrnan et ai.96)aiso postuiated that
calcium to phosphorus ratio of 1.3:1 was the borderline te the
occurrence of urinary ealculi. The result.in trial 2. that7
urinary •caleuli was observed in a wether given ealcium
supplemented-ration may :upport th, ese postulation.
     The fecal excr•etio.n of."phosphorus was net increased by
giVing caicium ca•rbonate in trial 2. Serum phosphorus levels in
both. groups in trial 2 were exceedingly higher than any ether
$erum phosphorus levels obtained in previous experiments. It may
also consÅ}derable from these results that phosphorus metabolism
May diffe..r from it in animals whicl•are g-iven lower phosphorur.
'ration when anirnals are given a extrernely high phosphorus ration.
     Krishnaro et.al.5O.)reported that.a hyperparathyroidisrn
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induced bY high dietary phosphorus• could:not be'
 fuUy countetaeted
by, ipcreasing,the ealcium content -of the•dibt because at high
intakes of calcÅ}um the fraction absorbed was• markedly•depressed
in mice. Handler et al.34)and Levine et al•.56)believe that an
increase in plasma inorganic phosphorus is a further stirnulus
to the parathyroid .glands. A low.caleium and •a'strÅ}kingly high
phosphorus level in b!ood serum rnay induce hyperparathyroid state
                                         e
and this state may not be changed by the addition of calcium to
a ration. - . =
     Urine.pH vaiues were,.clearly. elevated by giving the calcium
carbonate in trial l, whUe urine pH vaZues were low and were
not different between two groups in trial 2. In the reports ofi
south Dakota grouP 8'9'10'11'38'39), the urine pH value seemed
not to be •different arnQng sheep given various calcium and
phosphorus levels. Hoovever, Ernerick et al.27)'recently reported
that the giving oE dibasic sodium phosphate 'as a phosphorus
supplement decreaSedi uri'ne pH in larrLbs. :t can be considered
that the increasing of urine pH rnay. be owing to 'the decreased
phosphorus absorp.tion 'by adding-calcium to th'e ration in trial
1, And no difference in urine pH beUveen two groups in trial 2
may• be •due to the same amount of phosphorus absorption in two
gro.ups.
     The add•ition of ealcium to the ration .tncreased the urine
Magnesium excretion in trial 2. SeruTn magnesium levels appeared
tO be lowered in wethers given calciurn carbonate in trial 1 and
2. This result was in agreement with the reports of Bushman et
     .
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al.10). crookshank et al.16)and Kunkel et al.51)reported that
a higher level of serum magnesium was associated with the
incidence of urianry ca'lduli in Xambs. But the serurn mtignesium
concentratibn was lowered'to'a' h'ttle extent and the incidence
of urinary calculi was found in a weVher which' was fed with the
high calcium ra' tion. Therefore, a ' decreased serum magnesium
level seemed not to bel effectÅ}ve to prdvent the formation of
                                                         '
              '
          '
     When calcium catrbonate was added to the rat•ion, urxne
                 'excretion of sodium and potassium were increased and fecal
excretion of these minerals appeared• to be decreased in both
trials. These results were in accordance with the.reports of
Bushman et al.10ill). zt wotild be p6ssi61e to e6ns'ider frorn
above''results tha't-the'supplernentation of calciUrrt carbona'te
to a ration inLcreased tihe 'absorption of sodium and potassium.
     Since the'elevation ot urine pH' was' •found in trial 1 andt
in addition, the ineteasing of urine sodium-and potassium levels
were larger znr trial 1 thari those in trial 2, it would be
              '
      'suggested that the'' urine ' concentrations of sodium and ' potassium
might have the correlation with the urine pH. As previously
menÅíioned (ch"apter 3); the urihe concentrations of sodiUm and
                               r,potassium rnay not have the direct relati6n to the incidence of
                     Zl t. ..t
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       The experimenti using fifteen wethers was conducted to
   examine the effect o.f addition of aalqz'urn carbonate on the
". i.'
-...nc7idenLge Of.P.rlnary calguZi gnd on mineral rpetabolismHt-"t- ,
       Caleium carbonate was used to obt.ain O.1, O.6 and 1.2 g
   calciumf and the phosphorus level in the ration. was shown to
   be O.6 P in trial Z. The ,following percentages of calcium .;
          .t
   O•1 and Zr3, were obtained by the addition of caleiurn carbonate
   to the basal ration, and the phosphorus level was shown to be
     '
  1.l g' in trial 2,
                          ,-ttt'rb' '                                 tt    .
       rn trial l,, the incidence of urinary calculi was found
   in a wether given the lowest dietary calciupa. rn trial 2,.
                                                 '
             '
   urinary caZculi were observed in two wethers which were given
   10w and higlj dietary calcium respectively.
       Urine phosphorus concentrations were decreased by the
   addition of calcium carbonatb in wether$ whieh were Eed with
   O•6 g phgsphergs ration. However, urine phosphqrus leve;s were
  not decreased by adding calcium carbonate to the basal ration
                '
                     '
  in wethers g:ven 1.1 g phosphorus ration. The addition of
  caleium earbonat,.e to the ration tenpted .to increase urine sodium
  and potassiumL,excretions and to reduce fecaJ $odipm and
  Potasslum exeretion.
       The effieacy of calcium qqrbo.nate to the protection of
   fOrming of uripary calculi was considerect Yo be due to the
  decrease of uFine phospl;.orus level. . . ,
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 sECTZON 2 Effect of Dietary Calcium on Mineral Leve! and Zts
            Solubility of Digesta in Wethers .
                     tL
      Zt was found in a prevSous section that -urine phosphorus
 excretion was decreased and urine sodium and potassiurn excretion
. were increased by the addition of calcium carbonate to the ratibn.
 Giil et al.31) suggested that excess calcium in the diet resulted
 in a,.fall of uFing phosphorus beca.use rnost of the foqd pho.sphate
 was converted in the gut of rats to the non-ab$orbable calcium
                                                       -t
      This experiment was eonducted to exarnine the effect of
 various level of dietary calcium on the mineral level and the
 solubility gf digesta in wethg,rg given a high c6.ncentrate ration.
                    b4ateriais and Methods
                '
      Six wethers averaging about 35 kg in weight were divided
 into three groups, two wethers each,. The each group was given
 the f611owing rations which contained O.!, O.6 and 1.2 g of
 calcium. The ration of all groups contained O.6 2 of phosphorus. '
 The dietary calciurn Zevel was adjusted by adding calcium carbonate
 to the ration. Tfie cornposition and its mineral contents are
 shown ih tab!e s-6.''
  ' 7The ration was giv6n twice a day at th6 ievei of 1g of
 the body weight.'Water'was -offered ad libitum. After sixtyseven
 days feeding, all sheep were slaughtered at two hours after the
                       '
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         t/morning feed. P61yethylene Glyeol 4000 (PEG)t as a marker, was
given for seven days before s!aughter at the leve! ofi two percent
of concentrate ration. Sbdium chloride was not added to the ration.
Digesta sarnples were collected from rumen, omasumt abomasumr
upper stuall intesrtine, middle small intestine, lower sma!i
intestine, cecum and colon. [Dhe pH value of digesta was
immediately determined after obtaining the samples. Supernatant
fluid.in digesta vias'obtained with centrtfugation at 12000rrprd r.F
for one'hour.
                                     o
     Digesta sampZes were dried at 105 C for five hours and then
ashed with dry ashing method. Phosphorus was determined by the
method of Fiske and subbarow 29). calcium, rnagnesium, sodium and
potassium were determSned with atomic absorption spectrophotometry.
The mineral eoncentration in supernatant corrected with the
marker was expressed by the following equation.
-85-
Marker (g of dail. ora! intake) in' 1 g ,feed (dr matter)•
 narker (2 of daily oral intake) in l g digesta (dry rnatter)
        x mg mineral in 1 g digesta "= mg mineral/ 1 g of feed digesta
      The Solubility of mineta1 was determined by the fo11owing
  calculation method. The mineral•content and the dry matter were
  expressed as grarn and the mineral solubility was as percentage`
                        '
                    '.!t!!tLps}i!3IE!-ggu9g!!9-,g:-l-!!ll,-E}!!29!!!2!2g!Uzeralcontentof1mZs tt
-!tg,ng!zslLggnSgnt!-.gE-!,Hg-sliggE!!gneraicontentofi d t
so1ubi1i'ty
i-dry matter of 1 g dige.Sta
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Results
The pH values' in digesta W9iE19'---Shown in table 5•-7.
.----
 .-4.Nth.
Table 5-7 The pH in
tracts







































     The pH of digesta was lowest in abomasum and was 'highest Å}n
lower digestive tract. The pH values in rumen and omasaum were
higher than in abomasum'. Although the pH value. in aborqasum
appeared to be lowered as dietary calcium increased,Lits trend
was not evident in other sites of digestive tract.
     The ÅëalÅëium concentrations in supernatant and digesta, and
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      Zn the rations eontaining O.6 and l.2 g calc'iurnt the
  variation ofi calcium coneentration in supernatant alohg with
'' digestive tract was similar to the changes of the calcium
  sgZubUity. The calciurn concentration in supernatant and its
  solubility were highest in abomasumt and then decrease in Zower
  sites of digestive tract. On the other hand, in the !ow. est calciurn
 rationr the change of calcium concentration in supernatant was
 not parallel to the change of the calcium solubility. !n all
                tt
 '
  sites of digestive tract with the exception of abomasum, the
 'caicium solubility tended to be higher in the lowest calciurn
  ration ,tha,n in tbe other ration$.
                                                        7
      T.he calcium concentration in supernatant and dige'sta were
 '
                                                          '
 .heightened ip all sites of digestive tract as increasing the
 dietary ca!cium level. ' '-•
              '
      The phosphorus concentration in supernatant and digesta,
 and solubility are shown in figure 5-2. The phosphorus coneentration
                                                         d
                 tt tt
  in supernatant was higher in omasum and thb upper part of srnall
  intestine than in the other sfte's of digesttve tract. 'No apparent
 difference in Phosphorus concentration in super.natant was found
 among three groups from rumen to the niddle part of smal! intestine.
 Butt in the lower part of sTnall intestine, cecum and colon, the
 phosphorus concentration in supernatant was substantiaXly lower
 in the highest calcium ration than in the other two rations.
     'vLikewise, there is also no constant difference among three
 groups in the phosphorus solubility from rumen to the middle
 part of small intestine. Frorn the lower part of sinail intestine
                                                      '
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to colont howeveic, the phosphorus solubility was lowered as the
dietary calcium level increased. The total phosphorus content of
digesta tended to be heightened in all sites o.f digestive tract
with the exception of the upper part of srnall intestine.
     The ipagnesium concentration in,supernatant and digesta, and
magnesium solubility aret"shown in fÅ}gure 5-3. [Vhe rnagnesium
'concentratÅ}on in supernatant was heightened in the upper part of
               '
srnall intestine and lowered in the following sites of digestive
tract. The difference in the rnagnesium concentration in supernatant
among treapment groups was not found in all sites of digestive
traet.
     The m'a'gn'es-z'um solubility appeared to be decreased in omas'um
                   ttand colon. No clear difference in the soliibilitY was obserxied aindng
three treatment groups. The total rnagnesium content, in digesta
appeared to be lowered in rurnen and omasum, on the eontraryt to
bd heightened in the lower part of small intestine and colon as
increasing the dietary calcium level. ' ':-
                                                     '
     The sodium concentration in supernatant and digesta, and
sodium solubi•lity are shown in figure 5-4. The .sodium concentration
in supernatant was heightened in omasum and the upper part of
small intestine. Ainong three treatment groups, there appeared to
be no clear difference in sodium concentration in supernatant.
Although trie variation of sodium solubility was so wide that an
evident trend was not clear, the mean value of sodiurn solubility
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Fig. 5-3 Magnesium concenYration
           /x.and magnesium sOl.ubility
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     Th'e'sod-ium content in digesta 'appeared to be'1'ower in the'
heighest calciurn ratÅ}on than in ,t-he other two rations in the
sites of rument the lower part of small'in'testinei cecum and'
colon.• ' -
     The potassiuTrt concentratio'n Å}n supetnatant'and digesta, and
the Potassium 'solubi!ity are-shO'wn in figure 5-5.' The potassium
concentration in supernatant was high in the upPer part of small
intestine and then decreased in the fonowing sites of dig6stive
tract. The potassitm• solubUity was obvioUsly deCreased in omasum.
Ainong thred tireatment' grOups, 'there appeared tio be no clear
difference in the potass'itym' concentration in supernatant' and
in the potassium solubility. The total- potassium content in
digesta tended to be lowered in the sites of rument cecurn and
colon as increasin9•the dietary eaXcium level.
            ' - DiscuSsion
     The ca-lcium eoncen•tration in supernatant was lower in the
lowest calcium ratiori•'ehah rkn the otiher t'wo rat-ions. The changes
of calcium concentrati6n in supernatant in two high calcium rations
were pata•11el with' the changes of the-ealcium solubility. The
calcium doneentration in supernatant and the calcium solubility
seemed- to be hdightened as deCreasing the 'pH value of digesta
when.-the•rati6n contained O.6 or 1.2'
 g caleium. Therefdret the
charige of dalcium coneentration ifi supernatant and''the 'calcium
soZubility would be strongly affeeted by tihe pH value of digesta.
-- .95 -
                                            '
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         reported that the proportion of ultrafiltrable calciurnStorry
in the'small intestine appeared to be dependent on•.the pH of
the digesta,•'and !ow pH•values favouring higher.proportions of
ultrafil trable•calcium.. , ..
     On the other hand, the calcium 'in supernatant and the
ealciurn soZubiliey were-not correlated with the change of the
pH. value of digesta when the dietary calcium level was O.1 g.
The calcium concentration in supernatant and the calciurn
Solubility would not have the relat'ionship to the'pH value of
digesta when a dietary calcium level was extremely low..
     The decrease of calcium'concentration in supernatant was
found in the upper and the• middle part oE srnall intestine.
Although the decrease of ealcium eoncentration in sufoernatant
would be partly owing tte the decrease of solubility, the
decrease would be partly due to. the absorption. Therefore, the
sites of caleium absorption, found in this expetiment sATas in
accord' ance with the repo'rt of perry et ai.66)that caiciufu had
been almost absorbed in the intestine •of calves,.
                          -
   - The phosphorUs concentration was high in omasum and the
upper part of small in' testine. tuhe phosphorus solubility was
also high iri'  omasurn} 'bu't was' not so high in the upper pa;t of
small intestine. -The fo'rmer increase may be -resulted 'frorn the
increase of solubility and• the-latter increase may be due to
phosphorus secretion. smith et-al.79)and chandler et al.12År
reported that the 'upPer part of small- intestine was the main
part of' phosPhorus seeretion in calves'.
•- 96 -
     .The Phosphorus concentration- in supernatant and the,phosphorus
 solubility appeared to be !owered in the lower part of small
 intestine,.cecurn and coZbn as increasing the dietary calcium
 level..It was considered that the• phosphoruS concentration ip
 supernatant was decreased by the formation of unsolub!e caicium
 phosphate complex when the- high dietary 'calcium ration was given.
 This result was in accordance wÅ}th the assumption of Gilz et al.31)
 that most of the food•phosphate ib;as converted in the gUt to the
 non-absorbable calcium phosphate.' The total phosphotus 'c6ntent
 in digesta .tended'to be i•nereased in the' sites of the middle
                                                             '
 and the lower part of srnall intestine, cecum and colon when the
                                              -
 dietary calcium.level increased•. -Thi'stresinlt wouid be due'to
 that unabsorbable calcium• pho$phate coMplex was formed in the
 intestine and the absorption of phosphorus was decreased with the
 addition of calciurn carbonate to the ration.
      An evident difEerence was not found in sodium and pota'ssium
 concentrations in supernatant among treatment groups. Howevert
 the total sodium and potassium contents in digesta were lower
 in the sites of cecum and colon in high dietary calcium ratiOn
`than in low dietary calcium ration. The solvipility of sodium
 and potassium in digesta were higher than those of calciuTn,
 phosphorus and magnesium. Therefore, this result weuld be induced
 by high solubilities of sodium and potassium.
                                  32,67,81) ,
      Zt was reported by some workers that sodium and potassium
 Were effectively absorbed in large intestine. The lower contents
 of sodium and potassiurn in the sites of cecum and cOlon would be
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resulted from the absorption gf these minerals.
     Sodium and potassium contents in rumen digesta were also
decreased qs.ing.r. e.asing the qietary calcium leveJ. Th;s may be
gwing to Yhe decrease ip sgdip-rp and potassÅ}um gxcFeti.gn through.
                                        .sa14va,or the incrqase in absorption of these minerals through
                  ' 104)
rumen. \ang and Thgma$ indicgted the absorption of sodiu:n and
potassium f Fom rurgen w,a!1. . ., ..
 , The Tnagnesium,,sodium,gnd potassium eoncentratiens in
supgFnatant were ip.greased ln the uppgF part oC. sma;..!, intestine.
B.gn-Gheqalia et al• 6) gnd .perry et al..80)suggested,the mag.nesiurn
secretion in the up.per part og,small intgstine. Pergy et al.SO)
                                  tr 'ta,lso reported that sodium and .pppassiurn wgre excreted in the
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     This experiment was.conducted to.study the.efiect'of-dietary
calcium level on the concentration and the solubility of minerals
in the digestive tract.
     Six wethers were divided into three groups, two wethers each,.
The each g=oup was given the rations which was adjusted to O.1,
O.6 and 1.2 g of caleium contents by adding calciurtr carbonate
and O.6 g of phosphorus by adding disodium phosphate to the ration.
After sixtyseven days feeding, all sheep were slaughtered at two
hours after the morning feed. Digesta sarnples were collected from
rumen, omasumr abomasumt upper srnall intestiner middle srnaU
intestine, lower small intestine, cecum and colon. Polyethylene
Glycol 4000 (PEG.) was utilized as a marker and the concentrations
of $upernatant was showed as corrected values with this marker.
     The calcium concentration in supernatant and the calciurn
solubUity appeared to be heightened as decreasing the pH value
of digesta when the ration containecl O.6 and Z.2 g calcium. The
phosphorus concentration in supernatant and the phosphorus .
solubility were lowered and the total phosphorus content of
digesta was increased in the middle and the lower part of small
intestine, cecum and colon qs increasing the dietary calcium
level. This result suggests that unsoluble calcium phosphate
complex was formed in the gut and the absorption of phosphorus
was interfered by giving a high dietary' calcium ration.
     The total sodium and potassiym concentrations of digesta
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we;e .lgwered"n cecurn ,and cplon
rations were given. The decrease
of digesta rnay be resulted from
of th gse minerqls•. . 1..
                            j;e'
           -, d,
              1
wbich high dietary galcium
 of sodipm and potass'i'um content$
the increase of the absorption
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CHAPTER 6 EFFECT OF-V:TAMrN A DEFTCIENCY eN MXNERAL N[EreABOL!Sr4
                 '
           AND INC:DENCE OF URZNARY CALCULI
                           '
     rt'wa,s reported that vitamin A"deficiency might occur in
fattening cattle when high--concentrate and low roughage rations
were given94). schmidt75)report6d that goats given a iow vitamin
A ration developed urolithiasis. However,. Beeson et al. 5) and
              57)Undley ,et al.
               indicated that the oecurrence of urolithiasis
did not inerease when sheep were given a vitamin A deEicient
ration.J swingle 'and "carsh86)a'nd Eiam et ai.2i5iso found'no
                                                       '
relationship between vitamin A deficiency and the occurrence of
urolithiasis.in cattle and sheep.
     The preSent experiment was ctinducted to find the relationship
between vitamin A deficiency and the occurrence of urolithiasis
by studying..the effects ofi vitamin A deficiency on urine and
seru;p minerql'
 concentrations and the morbid cljanges og urinary
                iorgan.
   . rpaYerials.and M-etb,ods -. -
     Tr'jal 1' : Six wethets, averagin'g abQut' 35 kg,'were given
                                                        'a low vitamin A ration for approximately five fuonths frorTi summer
to winter. After then, a level of 2000 !.U. of vitantn A per head
was suPplemented to the ration daily during SucCessive one month.
Urine and serum sarnples were obtained during the la$t week of
the fifth month after the beginning of the experiment,
- 101 -
  low vitamin A period, and 'the last week''of vitamÅ}n A supplernented,
  sixth month,. The ratÅ}on was'given 'twide daily and water was
  available at all tiTnes. The composition of b'asal ration and its
  mineral content are shown'''in table 6-l-and 6-2.
                                                       .-m---;.
                         '
Table 6-l Composition of lode "vitarnin A rations
        '
rngredients
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M'inera1 compo'sition'  of the basal ratiOns











































     Urine samples were obta-ined at ten o'clock every morning
frorn each wethers. After deterrnining the pH valuest a few drops
of acetic acid ana toluen were added to. the urine. samples and
                         'stored in the stocker at -20 C for ana!ysSs. Blood/samples were
obtained by jugular.vein punctpre and stored for analysis. Serum
and. Iiver vitamin A values, were determined by ihe mod- ified rnethod
of the Association Qf vitamin Chemists3) . The analytical methods of
mineral concentratipn in urine and serum were the sarne as those
in.chapter 4.
     Trial 2 : Four wethers, averaging about 31 kg, were ,alloted
to two,groups.two,wethers each. The low vitami.n A.ration.shown
in table 6-Z was givep to ali wethers for one year.• The supplement
of 3000 r.U. of vitamin ,A and 200 Z.U. of vitamin D per head a
day were given to ,one group. (vitami•n A .supplemented) -and were
not given to another group.(low vitamin A). Urine and serum
sarrples were obt.ained in•.th.e last week of one year experimental
period.. SaTnplÅ}ng and analytical proeedure were sirnUar to those
used in ,trial, l. After .collecting the urine and the serum sarnplest
aZZ wethers were slaughtered and liver samples were obtained in
o.rder to .determine vitarnin A levels of .the livers.-,The tissue
samples from-,t,he kidney, the bJadder and the urethra,were
co,11ected. from every wethers-and these sarnples were placed in
formalin, embedded in paraffi-n and stained in two ways, with
h.ematoxylin and eosip-, and with hematoxylin and PAS.
- IQ3 -.
                           Results
       '
     Trial l : The levels of plasma vitamin A throughout the
experiment are $hown in table 6-3. The plasma vitamin A level
at the end of low vitamin'A period was decreased in• one third
when compared to that of the beginning. The plasma vitarnin )t
level in'
 the vitamin A supplemented period went back to the
initial lev.el. The data of urine'and s'eruTa rnineral .Xevel.s.in
trial 1 are shown in table 6--4.
     There appeared to be no obvious differences in the urine
and serum nineraZ.Ievels between the loW vitamin A period and
the vitamin''A'suppleriented' period.' Though the urine volurne tended
to be larger and the u=ine pH to be lower in the low vitamin A
period than in the vitamin A supplernented perioa. However, these
differences between both periods were not significant' ;'
     Trial 2•: The result of this trial' is shown in table 6-5
                                                  s
and 6-6; The liver vitaruin A level of the low' vitarnin A group
was decrea' Sed about one twentieth of' that of the supplemented
group. Particularlyt that of wether No. 4 was so low that this
anirnal seerned to be led to vitandn A deficiency. Urine and serum
mineral levels of wether No. 3 in the low vitamin A group were not
different from those in the vitamin A supplemented group.
     Howe.vert the urine volume of wetTier No. 4 appeared to be
25 g to 50 g less and urine phosphorus, potassium and arnrnonia
levels oÅí the same anirnaZ were apparently higher than tho$e of
                                       '
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other wethers. The urine magne'sium and the serum phosphorus of
the same anÅ}mal .appeared to be somewhat' highet than'thos'e of
other wethers. The results ofi ntcroscopic examination of the
kidney, the bladder and the urethra are shown in table 6--7 and
figures.
Table 6-7 characteristics 6f renal merbid changes
Morbid changes
               t tt-t
 Vitamin A Low vitarnin
 su lemented A
Renal pelvis -
  Desguamated epithelium eells
Renal tubu:e
' DeS' quamated epitheliiirn eeZls
  Disappearanee of nuclei •
  Atrophy
        ,
  Necrosis
  Polysaccharide urthary casts
  Granular protein substance






















     At the autopsy, there appeared to be no difference in
weightr shape and color of the kidneys between the low vitanin
A gxoup and• the vitainin A'supplemented group. .Urinary calculi were
not found visuaUy in the ur'inary organ$ of all wethers, while
sand-like .micro calculi were found in the pelvis of the kidney
of wether No..4 by microscopic examination (fig. 6-l).'Though
PAS• positive urinary casts .in renal tubule were found in all
wethers, the amount of them was higher in -the :ow vitamin A
group.than,in the vitamin A supPlemented group. ' • •
 • • Some morbid changes were observed in the renal tubule of
the low vitamin A wethers. The desquamated renal epithelium ,
including PAS positive raaterials were also found in the pelvis
ef• the low vitamin A wethers (fig. 6-2 and 6-3). These renal
motbid changes suggested the occurrence of nephrosis in,the
kidney. The separation ok transitional epithelium was found in
the bladder and the urethra oE the low vitamin A wethers. On the
other hand, the kidney, the bladder•and the urethra of the
vitamin A supplemented wethers were litt!e affected (fig. 6-4
                                '
                          1'
                            r
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                         DiscuSsion
                    '
     swingie and Marsh86)reported that the average liver vitaTnin
A level in dalves of the deficient group was 1.4 mcg nyper g and
Some of thern had nightblindhess. Elam/ et al.2i)also'reported
that the ave' rage liver vitamhn A content in the deficient steers
ha'ving nightblindness was O.33 mcg per g. Recentlyi KohlmeÅ}T et
al.49)reported that no dietary vitanin A was required for good
feedlot perforrnancie as long as plasma and !iver vitamin A levels
rernained above 25 rncg per IOO ml'and 2 mcg per gt respectively.
  '
     The plasma vitamin A in the end of the low vitamin A period
in tria! 1 was 32 mcg per'100 ml. Therefore,•the animals might
not need the supplemental vitamin A to inaintain normal function.
This may be'the reason'why the obvious differences were not
found in the'urine and the 'seruTn mineral levelS between the low
vitamin A period and the control•period. Liver vitandn A level
of the' iv}ether No. 3 and No. 4 6f low vitamin A group in trial
2 was 3.7 and O.5 rncg per g, reSpective!y. Liver vitamin A level
of wether No. 3 seemed to•be ldw but' not below •the critical
level, while that of wether No. 4 rnight be below the critical
                             'levez bf vitamin A deficien6y.
     Xn this exp'er'iment, the urine volume of wether No. 4 was
Xess than those of the other wethers. woelfel e't al.101}reported
that t' he urine volume was increased in vitamin A deficient
heiÅíers and webb et al.98)reported that the simuar result in
- 109 -
ewes. Hewever, webb et ai,.99)indicated-ih the fonowing report
that glomerular filtration rate and renal p!asma' flow were
sÅ}gni•ficantly decreased in vitamin A deficient ewe$.'
     The increase of the urine phosphor'us level was found in the
wether No. 4 in the low vitamin A' group. This•observation was
in agreement with the report oE woelfel et al.IOI)and webb et
al.98t99).. As previously mentioned in chapter 3i the increase of
the urine phosphorus level may cause the forrnatiori of urinary
                                                       'calcuZi in rurninants. •• - i
                               '
       --
     Urine magnesium and potassium levels appeared to be higher
in wether Na. 4 than those in other wethers. Whilet daily
excretion.of urine magnesium and potassium in wether. No. 4 was
not d,ttferent from•those in the others. Therefore, the Å}nexease
of urine magnesium and potassium levels may be caused.by.the
decrease. of the urine voltme in the vitamin A defieient wether.
     There seemed to be no difference in urine calciurn, sodium
and chloride concentrations between wether-No. 4 ,and the other
                    -
wethers. Howevert daily excretion of urine calcium,`sodium and
chloride were lower in wether Ne. 4 than'those in the others.
This result was in agreement with the rqsults of webb et al.98).
     Urine ammonia leve•1 and daily excretion of urine, arnrnonia
were evidently increased,in the vitamin A deficient wether. As
previousZy rnentioned (chapter 2)i 'urinary calculi which were
found'in the .prepuital hair seemed 'to be made tof magnesiurn
ammoniurn phosphate. Therefore, it waS suggested that the
- 110 -
forrnation of urinary calcuZi in the prepuce and the prepuital
hair might be accelerated with the ipcrease of urine ammonia
level. But the effect of uring ammpnia level on ealculi formation
in the kidneyr the bladder and the urethra was not known clearly.
     Plasma phosphorus level was kound to be higher in the
wether No. 4 than those of the others. webb et al.98)also
reported that plasma phosphorus level was increased in vitaTnin
A deficient wethers. However, swingle and Marsh86);eported that
there was no difference in plasma phosphorus level between
vitamin A dificient calves qnd the control. .The different result
of these studies rnay be due to the degree of vitamin A deficiency.
Liver vitamin A level was O.5 mcg per g in this experiment and
1.4 mcg per g in the study of swingle and Marsh86). some
workers9'16r24)indicated that the increased serurn phosphorus
level may be associated with the occurrence of uroXithia'sis.
     :t was found in the low vitamin A wethers that the kidney
had nephrosis and the epithelium of the bladder and the urethra
were also affected to some extent. Micro calculi were found in
the kidney of the vitamin A deficient wether. Higgins et al.37)
                -
reported that the incidence of keratiniz.ation of the epithelium
in the urinary tract and urolithiasis were inereased in .vitamin
     .
                         75)A deficient rats. Schmidt
                          reported that a large masses of
desquamated materialst and cast-off cornified epithelium celZs
were found in the pelvis of the kidney, and the occurrence of
urolithiasis were increased in vitamin A deficient. goats.
- lll -
     prien70)diseussed in his review that blood clot and'
                                            'desquaMated epithelium might become the nuclei and aceelerate
the formation' of urinary caleuli. However, some workers8,16,24)
reported that there was no relationship between vitanin A
deficttency and the occurrence of urolithiasis in sheep and
cattle.
                                                     '
                   '
     Since the ur.ine and serum mineral, levels and histoZogieal
changes of urinary organs may be caused by enZy the se:,ious
                                             'vitarnin A deficiency, it may be safe to consider that vitarnin
A dificiency becomes a causative factor of urinary calculit but
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Fig. 6-4 Normal renal tubule of
the vitarnin A supplemented wethert
x 400, HE stainÅ}ng.
- U3 -
                            SUmmary
      The present experiment including ten wethers was conducted
 to examine the relationship between vitamin A defic.iency and
 the occurrence of urolithiasis by studying the effect of vitamin
 A deficiency on urine and serum mineral coneentrations and
 the morbid changes of urinary organ.
      Micro--calculz were found by mzcroscopzc examxnation zn
 '
 the renal pelvis of the vitamin A deficient wether, but not
 in vitarnin A supplemented wethers. The urine volufne of the -
 vitarnin A deficient weth.er appeared to be srnaller than the
 vitamin A suppXemented wethers. The a!nount of urlne phosphorust
 potassiurn and ammoniuTn and the serum phosphorus of the vitamin
 A deficient animal seemed to increase. Xt is suggested that
 the' increase of the urine phosphorus and ammonium levels taay
-be bne of the eauses of the urinary.ealculi Eormation.
      The occurrence.of nephrosis was found in the kidney of
 the low vitaTruLn A wethers and these animals had $ome amount
 of the desquamated epithelium of the bladder and the urethra.
 The desquamated epithelium may become the nuclei of urinary
 calculi.
      Howeverr the changes ofi the urine and serum mineral
 coneentrationst and the histological abnormalities oE urinary
 organs were found only among serious vitamin A deficient
 animals. Thereforet vitamin A deficiency rnay become a causatSVe
 factor of urinary calculi, but may not be .a essentÅ}al one.
- !14 -
CAHPTER 7 EFFECT OF ADDIT:ON OF ArmONZUt,! CHLOR!DE ,ON nyL!NERAL
          lvrETABOXSM AND :NC!DENCE OF URINARY CALCULX
SECT:ON l Effect oE tmonium Chloride Administration on Urine
           and Serum Mineral Levels in Wethers
     Several dietary supplernents have been shown to reduce the
incidence of urinary caiculi in sheep and cattlelO,ll,27r89r90).
AmmonÅ}um chloride seemed to be rnost effective against urinary
calculi among these supplementsllrl5)'. uesaka et al.93)reported
that arnmonium chloride was eEEective in the treatment and the
prevention of urelithiasÅ}s in EattenÅ}ng steers in Japan.
However, the rnechanism of ammonium chloride against urolithiasis
has not been claritied yet. !f the cause why amrnonium chloride
is effective may be known, the inducing factor of urinary calculi
may be demonstrable.
     There are two experirnents in this chapter, that is, in vivo
and Å}n vitro. Firstlyr the changes of urine and serum mineral
composition were examined when ammoniurn chloride was given to
wethers. And thenr the rnechanism of ammonium chloride was
studied by preparing the similar changes in vitro which was'
found in urine composition.
     The object of the:experirnent in section 1. was to determine
the effect of ammonium chloride on the urine and serum mineral
                         ,levels and mineral xetentzon.
•- IZ5 -
                      MaterÅ}als and Methods
' ThÅ}s experirnent consisted to four trials. The effect of
ammonium chloride in the urine and serum mineral levels was
examined in three trials and the fourth was the mineral balance
trial. The composition of basal ration and its mineral content
are shown in table 7-1 and 7-2.
     The ration was given twice daily and water was provided ad
libitum. Amrnonlum chloride was given at the level of 1 g of the
ration. Sampling procedure and the method of mineral analysis
were the same as those in chapter 4.
     Trial 1 : Four wethers about 30 kg in weight were fed for
70 days in winter. After feeding for two months, all wethers were
given the ration supplernented with ammonÅ}um chloride for two
weeks. Urine and serum samples were obtained at one week before
and after ammonium chloride was given.
     Trial 2 : Six wethers, averaging ahout 37 kg, were fed for
six weeks in early $pring. All wethers werg given ammonium
chZoride during the third and the fourth week. Urine and serum
samples were obtained during the fourth week, and during the
seeond and the fifth week as controls.
    -Trial 3 : Four wethers, averaging approximately 31 kg, were
divided into two groups, two wethers each and were fed for four
weeks in sumrner. The one group was adrdnistered aTnrnonium chloride
and the othex group was left for the control. Urine and serum
samples were obtained during the fourth week. .
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Table 771. Composition of the basal rations
rngredients Trial






























Table 7-2 MineraZ composition of the basal rations
Minerals
   (g of dr
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     Trial 4 : The effect of ammonÅ}um chloride on mineral
retention was examined. The same wethersr rations and experimental
design were used as trÅ}al 3. After preliminary ten days from'the
beginnÅ}ng of the trial, urine and feca! sarnples were obtained
                             'for seven days.
                             Resu1ts
     The symptoms of urolithiasis was noticed Å}n two wethers at
the first sampling in triaZ 1 and these wethers were given
ammonium chloride. at the level of 1 g of the ration daily until-'J
the syrnptoms of urolithiasis disappgared. Therefore, the second
sampling was delayed about one month. rn trial 2, 3 and 4, bloody
urine was observed, but urolithiasis did not occur.
  i
     T.he results of urine rnineral goncentrations, urine p}I values
and urine volumes are shown in tab!e 7-3. !n three trials, the
administration of ammonÅ}um chloride increased the urine calcium
and chloride levels and decreased the urine pH. The urine
phosphorus level was slightly increased after the adndnistratÅ}on
of ammonium chloride.
     There were some differences.in the urine rnineral concentrations
and the urine voZurne among three trÅ}als. The urine calcium level
was lower and the urine phosphorus level-was higher in trial l
and 3 than those in trial 2. The sodium and chloride levels of
urine were apparently lower in trial 3 than in trial i and. 2.
     Serum data froTn trial l,2 and 3 are shown in table 7-4.
                                                           '
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Table 7-4 EEfects of
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Ammonium chloride administration appeared not to affeat the
serum mineral levels exaept magnesium. When compared with the
controlr the serum magnesium level tended to decrease slightly
in wethers given ammoniurn chloride. The serum ealcium level
appeared to be lower and the serum phosphorus level to be higher
in trial l than those in trial 2.
                                                 '
     The result of the mineral balance trial, trial 4, are shown
in table 7-5. The urine calcium excretion was considerably higher
in wetherS administered ammonium chloride than those in the
contr61 wethers. But the calcium excretion in the urine was much
lower than that of EecaZ excretion. And the calcium retention
appeared to be the same between the control and'the treatment
anirnals. The excretion of urine phosphorus appeared to be slightly
higher and the fecal excretion' of phosphorus to be low' er in
the treatrnent group than in the control. The fecal sodÅ}um excretion
in wethers given arnrnoniurn chloride appeared to be decFeasedi to
one half of the control. The $odiurn retention appeared to be
increa$ed in the treatment group. A!rumonium chloride administration
appeared not te affect magnesium and potassium retentions.
- 120 -
Table 7-5 EEfect of
     balances
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                          Discusszon
            '
     Zt was found in this experiment that urine pH values were
lowered by the administration of ammonium chloride. Elam et al.21)
reported that magnesium and phosphorus, the principal constituents
found in calculi, were insoluble in alkaline solution and the
                                                              '
effect of decreasing urine a!kalinity may prevent the precipitation
                         46)
                  23)
           84)of these minerals. Johnson , Elliot et al.
                                          and Suby
                                reported
                                  '
that the solubility of magnesium a,mmonium phosphate increased
when the concentration of hydrogen ion increased. On the other
hand, Lindley et al.57)showed that there were no apparent
                 '
association between the occurrence of urolithiasis and the
difference of the urine pH. udal190)also indicated that the urine
                                 'pH was decreased by feeding phosphoric acid, but no corresponding
difference was found in the occurrence of Fenal caleuli. As
previously mentioned (chapter.3), the urine pH may have little
effect on the formation of urinary calculi. However, it is,
conceivable thati the rnain functiop of arrumonium chloride is tO
decrease the urine pH, which prevents the formation of urinary
caZculi.
     :t was found in this experiment that amrnonium chloride
increased the urÅ}ne calcium excretion, while the amount of the
fecal calcium excretion and rete'ntion were little affected.
Bushman et al.IO)suggested that the increased urine calcium level
may not affect the reduction of urinary calculi, and the decrease
of urine pH may increase the urine calcium !evel.
- l22 -
                                                   -
     :t was found in this experiment that uri.ne chlo=ide level
was increased by giving ammonium chloride. udau and chow91)
reported that the administration of sodium chloride reduced the
'occurrence oE urolithiasis due to the increased urine chloride
ion which caused Å}on cornpetition around caleuti. Bushman et ai.ll)
postulated that the increased urine chloride leveZ did not protect
against calculi formation.
     The serum rnagnesium ZeveZ decreased in wethers when arrumonium
chlotide was given. Bushman et ai.ii)aiso reported the similar -
restiit. packett and Haushiid64), crookshank et ai.16)and Kunkei
      51)
         reported•that high serum magnesivtm !evels were found,et al.
in sheep developed urolithiasis, However, it was not known
clearly whether the decrease of the serum magnesium level has,
a direct effect to the reduction of urolithiasis or not.
     The urine volurne appeared to be increased a lÅ}ttle by
             'Eeeding ammonium chloride. Sinee arnmonium chloride has been used
                'as a dieuretict the increase of urine volume rnaY be natural.
It was considered that the increase o# urine vo!ume would lead
to the dilution of urine minerals and other urine components,
and interfere the formation ofi urinary caZculi. This was supported
by the work of Newsom et al.62), urine volume was low in sheep
whieh developed urplithias' is. However, the prevention on calculi
formation by increasing the urSne volume rpay be limited, because
the increase of urine voiume. is not so iarge. swingie and'  Marsh85)
and udan et ai.92)reported that the increase of utine voiume
had no,effect on reduding the occurrence pf prolithiasis.
- 123 -
     Bushrnan et ai.iO'ii)showed that there was no i'ncrease of
the urine sodium level by giving ammonium chloride. !n this
experimentr the increase of urine sodÅ}um level was found in
wethers given ammonium ehloride in trial 3, while any change in
urine sodium was not found in the treated wethers in trial l and
2. The urine sodium level was remarkably Zower in trial 3 than,
in Prial 1 and 2. This result may be due to that sodium chloride
was not suPpleme nted ' •in tr ia !• t' 3 . It was ' considered that the
administration of ammonium chloride might affect the urine sodiurn
level, but its effect might depend on the amount of sodium present
in the body. As previously mentioned (chapter 3}, the occurrence
of urelithiasis was assocÅ}ated with the high urine sodium level.
Thereforet the increase of urine sodium level seerned not to reduce
the occurrence of urolithiasis. ThÅ}s assumption was supported
by the report of udall and chow91)and Bushrnan et al.11)that there
appeared to be no relationship between urine sodium level and
the occurrence of urolithiasis.
     When compared with the control, the fecal sodium excretion
vJas decreased and the sodium retention was inereased in wethers
given ammonium chloride. while, Bushrnan et al.ll)showed that
there were no differences between sheep given ammoniurn chloride
and the control animaZs Å}n the fecal sodium excretÅ}on and the
sodium retention. The contradiction between two studies might
be due to the different degree of the urine pH depression caused
by the administratÅ}on of ammonium chloride. By giving ammonium
ehloride, the urine pH was depressed about O.8 in this experimentr
                            - 124 -
and about O.38 in the report oE Bushman et
of the adminÅ}stration of ammonium chioride
excretion and the sodium retention seemed














                             Summary
     Four trials, utilized eighteen we'thers, were conducted to
determine the effect of artlmoniurn chloride on the urine and serum
mineral levels and mÅ}neral retentions. Ainmonium chlorÅ}de was
given at the level of 1g of the ration daUy.
                                                 '
     When cornpared with the control wethers, the urine volume
of anÅ}mals given ammonium chloride tended to increase siÅ}ghtly
and the difference of the urine pH values between the control
and the treated animals were O.86 and l.43.
     The administration of ammoniurn chlorÅ}de increaseq the
urine calcium concentration 10 to 40 times, doubled the urine
chloride concentration and decreased the serum magnesium leveL
to some extent. When ammonium chloride was given to animals of
which the urine sodium was ;ow, the urine sodium level in.creased
10 tirnes, tihe EecaZ sodium content tended to decreaset and sodium
                                                  '
retention increased.
     Arnong ehese effects of ammonium chloride, the reduction of
the urine pH valueL seemed to be the rnain factor to decrease the
                                    'incidence of urolithiasis.
- 126 -
sECTION 2 The Mechanisrn of ArnmonÅ}um Chloride on the Prevention
           of Urolithiasis
     The experiment in section 1 of this chapter,showed that the
addition of ammonium chloride to a ration had increased the urine
volume and the urine concentrations of calcium, sodium and chloride
                    --
and decreased -tmh.e Bnne pH.value =n wet].-ers.
  '
     Though the increase of urine volume may be expected
to prevent urolithiasis, the relatÅ}on between the changes
      -
of urine components and the treqtment of urinary calculi is
noe definitely known. Assuming the changes' oE urine components
by giving ammonium chloridet these conditions were prepared
in vitro.
                                                   '
     This experirnent was conducted to determine the rnechanism
of ammonium chloride through the ahanges of solubilit#es of
                                                '
magnesiuTn phosphate and magnesium ammonium phosphate in
                             '
             'in'vitro condition.
                  Mate,rials and Methods
     Tn this experiment, the solubilities of magnesium
                         'phosphate (MgHP04.3H20) and magnesium ammonium phosphate
(MgNH4P04•6H20) were examined when pH values and the levels
of calcium, sodium ,chlorÅ}de and arnrnonium were changed in
                                                'tris-rnaleate buffer solutions. Two grams of magnesium+
t
- l27 -
phosphate or magnesÅ}um ammonium phosphate were added in 300
ml aliguots of buffer solution in a tightly stoppered flask.
The flask was incubated at 390C and was shaken on a Tnechanical
shaker for "6 hours.
     The pH values of buffer solution were changed approxirnately
5.5, 6.5, 7.5 and 11.5 through the changes of tris-maleate
and sodium hydroxide ratio. Calcium concentrations in buffer
silution were varied to O, 10, 20, 30 and 40 mgg by the
addtion of calcium chloride or caleium carbonate. Sodiurn
concentrations in buffer solution were varied te Or 200t 400,
600 and 800 mgX by the addition of sodium acetate or sodium
sulfate. Chloride levels were varied to O, 200, 400, 600 and
800 mgg by the addition of sodium chloride. Amrnonium !evels
were varied to O, 200, 400, 600 and 800 mgg by the addition
of ammonium sulfate or artumonium chloride.
     Exaept for the trial with pH changds, pH values in
aliquots of buffer solution were adjusted approximately to
s.o which was norrnaz pH vaiue in cattie 48) . sampies ef s
rn1 were taken frem each Elask at intervals of O, !, 2, 4 and
6 hours after the beginning of shaking. The pH values were
determined in each sample soon after taking samples with a
glass rod pH meter. Then these samples were centrifuged at
3000 rpm for 30 ni.nutes, and the concentrations of
phosphorus and magnesium in supernatant were determined by
                               29)the method of Fiske and Subbarow
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       As shown in figure 7-1-i and
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     macner.iun levels Sn btifEe= solutSons after E haurs ' llT:nking vith M,eT!P04.li!2e an{I Mg!:114P04'ST!20.
     #hoking witb nlglrPb4:]E120 nnd ":grUt4P04.Eil20
                                          '
     As shoWn in Eigure 7-2, the phosphorus solubility after
shaking with rnagnesium phosphate and magnesium ammonium
.phosphate tended to be decreased by increasing the calciurn
eoncentration. On the other hand, the magnesiu:n solubiZity
appeared to be increased with the elevation of calcium
concenttabion after equilÅ}bration with rnagnesium phosphate.
The result of this trial, which used calÅëium carbbnate as
calcium additiver was similax to that which u$ed calcium
ahloride .
'
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     !n figure 7-3, slight increases inJphosphorus and
rnagnesium solubilities were fognd by addÅ}ng sodium acetate
as sodium salts when equilÅ}b,r.ated with magnesium aTr[Fnonium
phosphate. Howeverr tihere was little change in the so,lubility
of phosphorus and magnesium equilibrated with rnagnesium ,
                      /
                                             'phosphate. The effect of sodium sulfate was siTniZar to that
of sgdium acetate on the solubÅ}lities of magnesium phosphate
 '
and rpagnesium ammonium phospbate.
             '
                                                    '
          CHgl]P04.3H2e)
    ,d 'H:i:::::)'IS ,,l t/llllligiiP041,l,t'IZIi).i. -
    30
  'i, ,'.. . ., ,gd • .:-.-e-r---o
                               .k
   gi, 3o CMgNit4P04"GH20) il1 3o.. ct'Lgiiqpo4-6ii2o)
':- 20
g ,,
Me -.-." .-."r. et
   -1 t
  ff 2oo 4eo Goo .aeo mgt
    '
                      '  ' ' Chloride cencenttdtion '(NaCl)
Effeet oE' chioriae coLccntrat'ion upen phospherus end '
:r.agnesiuT ? lcvel Sn ,buffei selutions Efter 6 hoprE
sha"iSng vith b!gHP04']1!20 and HgNil4P.04'61I20.










  o 2oo 4oO' fioo eqO mgt
      imeniur:t' c,eneont=atien CNH4)2S04
Effect efnnmttSumconegntratÅ}on ppon phesphotus and
,:::r. i. l itt.M,i:":lf,.,4: .::I:e:.gP:;Il,:;g,?:,te,:. 6 hou:g
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     As sh6wn in Eigure 7-4, the increasing of chloride
concentscation cau$ed only siight increases in phosphorus and
magnesium solubilities after equil-ibration with magnesiurrt
aminonium phosphate. And noticeable changes.were no' t Eound in
phosphorus and magnesium solubilities by increasing the chloride
                                        'Åëoncentratzon in bufEer solutions when equilibrated with
                                          '
                            'magnesium phosphate.
     The results obtained by'the addition 6E ammonium salts to
aZiquots of buffer soZution were shown 'in fÅ}gure ,7'5. In the
range Erom O to 40Q tngX, the phosphorus solvioility'was decreased
                                                              'slightly and in the range from 400 to'800 mgg'the phosphorcus
solubility was 'increased•slightly with the elevatipn of ammoniurn
tevel after the equi!ibration.with magnesÅ}um phosphate. The
magnesium solubility was alsO .decreased at the ammonium level
of 400 mgg. Likewisei when equilibratiOn with magnesiurn ammoniuTn
phosphate,-the phosp4orus solubility was decreased in the range
from o t6 6oo rngg with Å}nereasing anmonium concentTation; this
.trend was espec!ally evident in the range from O to 200 mg2. The
magnesium solubility was not so cZearly changed with the
variation of arnrnonium ,level when magnesium arnrnonium phosphate
was used as a Substrate.
     It was found in all trials tha.t phosphorus more,'readily
                 'dissolved than rnagnesiurn.' The solubilÅ}ty of phosphorus was
sul)stantially higher than magnesium when magnesium phosphate
was- used as a substrate. '
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                          Discussion
                          '
                            '
                                                      '
     From the rcesults of this experiment, it is evident that
 a decrease of pH would increase the solubilities of magnesiurn
phosphate and magnesium arnmonium phosphate. This observation is
supported by the report of Johnson46)that a decrease of pH would
resuZt in an increase in the capaeity ofi the liquid,p.hase to
hold magnesium,, phosphate and anmonipm in $alt solution when
equili•brated with sol'id magneslum arurnonium phosphate. ,
     Eniot et al.23)also repo3ted that the solubility oE
      --
magnesium ammomum phosphate increased with increasÅ}ng hydrogen'
              '
 tion concentration. As..pxeviousZy rnehtioned, urine pH values
were decreased in pH rapge's from O.8 to l.4 by.the administration
of ammonium chloride in wethers'
. The aeidified uri.net when given
     '
     ,ammonzum chloridet seerned to ihcrease the solubility of urinary
calculi• This may support the assumption by Bushman et al.10'!l)
that the rnode of action of ammonium chloride wouZd be through a
reduetion of urine pH in sheep.
     When the calcium,conqentration Å}ncreased in buffer solutions
                                                                '
the phosphoru$ level in supernatant liquid tended to decrease
                                                              '
after the equilibratÅ}on with magnesium phosphate. This resuli may
               '
         -be caused by tihe formation of a eomplex of calciurn and phosphorus
in the buffer solution. When. urine calcium levels are heightened
by giving ammonium chloriqe, calcium and phosphorus may cornbine
                                           'in untne and the de,creased urine phosphorus level may interEere
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with tihe formation of phosphatic urinary caleuli. However, this
proteetzve effect of heightened uxine•ealcium leveZ againSt
urolithiasis would be. Iimited because the changing of solubiiity
pf phosphorus when' the Variation of caicium leveZs was not so
severe. !f,the urine coricentration of ca!ditm and phosphorUs
are faircly high, then u=inary calculi of calcium phos' p' hate type
        .night be formed. However, when a high eoncentrate ration is
                                                          'given td cattle and sheep, the -urSnaxy •Åëalculi of 'caldium
       'phosphate type wÅ}il- seldom be observed becau$e a urine calcium
                                   .
                               '
                                               'level is generaUy verY lowt
                                   '
     :t was obserVed'in this experiment that the solubÅ}lÅ}ty of
      --
rnagnesium arnmonium phosphate increased slightly as the sodiUm
        'eoncentration elevated in bufEer solutions. Johnson eti al.46)
reported that increaSing the coneentration' of sodium chloride,
                                           '
sodium sulfate and sodium eitrate had caused increases of the
solubility oE magpes,ium arnmonium phosphate through the elevation
of ionic strength. Since the increase '' of the solubility o`f
                                     '
rnagnesium a;Tmponium phosphate was slight, the gÅ}ving of ammonium
chloride to the eievated -urine sodium level would not correlate
                                       '
                    'with the prevention oE phosphatic urolithiasis. [Vhis indication
is supported by the suggestion of uesaka et al.93)and'udan et
al.91)that there appeared to be no reiationship between Ehe urine'
sodium level and the occutrende of urolit5iasis.
     The solubility pf rnagnesium ammonium phosphate appeared
to increase slightly by increasing.'the chloride cohcentration• .in
- 1-34 -
                                                'bu'ffer soiutiohs. udau et a!.9Z'92)postulated that the
administration of soditm ch!oride redueed the occurrence of
urolithiasis due tb the increased urine chloride 'Å}on which
                          '
                                                    'caused.ion cemPetition aroun'd 'ca!culi. However, the positive
relationship between the solubilities of magnesium phosphate and
magnesium ammonium phosphate, ahd chlp. r-ide concentrations.in
'buffer solutionsr was not definitely found in thÅ}s experÅ}ment. '
Accordinglyt thtis result may hot support the hypothesÅ}s of Udall
et al.91'92).
                       '
          '
     It is known that the urine arninonium level is increased wibh
metaboiia acidosis in ruminartts77'78). But the urine amTnonivrm
                          'level will saarcely exaeed 600 mgg even if the urine ammonium
level would be heightened with. acidbsis. Therefore, the elevated
ammoniurn !eVel in urine may serve the formÅ}ng of phosphatic
urinary calculi, but wilZ not act on' the prevention or treatment
of urolithiasÅ}s.
                                                           '
     Xt was observed in all trials that phosphorus was more
  '
      'readily dissoZved. jn ' buffer solutÅ}ons than magnesium. This cause
was not defÅ}nitely known, but it was suggested that phosphorus
and magnesium would not be dissolved simultaneously and magnesium
phosphate and magnesium ammoniurn.phosphate would be converted to
other cornpounds. Mhe conversion to other Åëompounds rnay be more
obvious in magnesium phosphate than in magnesium ammonÅ}um
phosphate.
                                         '
     Ainong the changes of grine cornposition, which are induced
                                                          '
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by the aCtministration
bH will play the most
urolithiasis through
urin•ary ealcu".
 of ammonium chloride, the decreased u,rine
 Å}mportant' role in the prevention of
ingreasing t-h.e solubility of.phesphatic
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                           Surnmary • -. '
                                                    '
     The thechanism ef ammoniuTn ehlotÅ}de ori' the prevention of
uxolSthiasis in fattening cattle was exandned in vitro through
the solubUity of magnesium phosphate and magnesiurn ammonium
phosphate in tris-ma'Zeate buffer soiution. '
     [[Wo grams of magnesium phosphate ot magnesium ammoniurn
                    'phosphate were added to 300'mZ aliquats of buffer solution
in tightly stoppered flasks.. These flasks were incubated at
39ae and were shaken on a mechanical shaker during 6 hourse
           'Samples oE 5 Ml were taken from each flask at inicervals ' oi '
                                              'O, 1, 2, 4, and 6 hours after shaking.
    .Wliep pH values weiTe. decreas.ed in.buEfer rpoZuY.Å}gnSt the
solubilities of magnesium pbosphate and magne$ium ammonium
phosphate elevated clearly. PhoPhorus concentrations in
                 'sinpernatant liquids tended to be .decreasea'by increasing the
ealcium concentration Å}n a!iquots oE buffett solution. Mhis
reSuZt would be due' to the fomnation of complex oE Åëaleiutn
and phosphQxus.
                                                    '
     Only slight increases in the solubilÅ}ties of magnesium
                             '
   'phosphate and magnesium ammonium.phosphate were induced by
adding of sodium salts. Zn the ranges firom O mgg to 200 mggr
                                                 '
                                                   '
                              'and from O to 600, the solubilities of magnesium phosphate'
and magnesium ammonium phosphate tended to be decreased
                                       'respectively with increasing the concentratÅ}on 6f ammQnium.
-- 137 -
     :t was suggestdd
of ammonium ch!oride,








 thatr among the effects
urine pH would play the
 ur6tithz'asis in
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              GENERAL DZSCUSSION AND CONCkUSION.
                                             '
                                    '
     Urinary calculi wesce found in the kidney, the bladder, the
urethra, the prepuce and the prepuÅ}tal'L
 hair of fattening cattle
fed wit b a high concentrate ration, and the chemical composition
of th ,ese galculi consisted rpainly of magnesium phosphate or
                                                     '
 'magnesium ammonium phosiphate. Among these urinary calculi, the
 '
calculi which lodged .i'n the urethra seerns to cause dysurÅ}a, which
                'may lead urolithiasi.s. Although the ca!cul•i in prepuce also
cause dysuria, urination is restored to norrnai after the removal
     '
                            'oE caleuli.
                        '
                      '
     It was shown by chemical analysis and microscopic examination
                  'that there were some differences between calculi in the kidneY
        'and those in t Pe bladder and Yhe urethra. ThÅ}s result may $uggest
                ttthat the process of calculi formatÅ}on in the kidney wouZd be
somewhat differept from that Å}n the bladder and the urethra.
     It was not definitely.known whether the ),alculÅ} in the
                                                     'bladder were made of micro calcuZi, which moved from the kidney,
            'or not. The calculus ln the bladder, which had.many layers in
                         t ttitt would become enZarged by Vhe addition of minerals. Strong
         'morbid changes of renal tubule were found ' }ri s#eers which had
                         t t tturolÅ}thiasi$., Tn a vÅ}tamin A deficient wether, Vhere was a
                            t t ttcensiderably large amount of desquarnated epithelium celÅ}s and
                           'some of sand-like micro calculi in the pelvis of kidneya It may
be' conceÅ}vable that desquamated epithelium cells and/or bacterial
cells may become the nuclei of calculi, which giow up and become
, - l39 --
calcuti in'renal tubuXe or renal pelvis. Iri adaÅ}tibn,
                                        '
                            'mucopoly$accharide'  seems to p!ay a rolel tb concrete minerals
                   'because PAS positive rnaterials were found in calculi.
     tt may be possible that calculi Å}n the bladder moved into
the urethra and formed calculi Å}n the urethrd since t'he mineral
                                                   'compositÅ}on and characteristics of urinary calcu!i in the bladder
                    '
                            'ahd the uicetnra were Similar.
                        'From the morphologicat findÅ}ngs and ehemical ana'lyses oÅí
calculi,' the elevation in'urine phosphorus' and magnesium '
                     'concenttatio' ns, 'nuclei of calculi', muCopolYsaceharide and urÅ}ne
ammonia concentration inay be major causes to form urinary calculir
                                                           '
             'while the decreased urine PH seems to aat as a preventive factor
            'The inducing factors to change urine compositi6n are as
                  '
                                                  'follows.
     Dietary factors : ivhe occur'rence of urohthiasis was found
in a latter haZf of the fatteriing' period when a high coneentxate
ration was given. A con'centrate ration'
 comrnoniy contains high
phosphor'us and low caleium in' comparisoh with roughage.
    'Therefore, a dietary 'mi'neral imbalan ge, lgw calciUm to phosphorus
                                       'rati'o. wiil be' znduced when a hÅ}gh concentrate - low roughage
                                              '
     '
         tt ttration is given. There ma' y' be a pbSitive thelati6nship between
              'dietary phosphbrus content and urine phosphoru$ concentration.
And the urÅ}ne phosphorus level was evidently increased as '
    'lowering dietary calcium to phosphorus ratio.
` 1•40 `
     A concentxate ration, espeeially wheaL bran and rice bran,
eontains a high level of' rnagnesium. And so the Urine magnesium
    'level may be also Å}ncreased in caVtle given a high concentrate
ration. The incidence of urinary calculi wa.s found in steers
when u=Å}ne phosphor,us, magnesium and sodium levels increased.
And the urinary calculi Erom eattle in Japan were shown to-be
mainly made of phosphorus and magnesium Therefore, it is
qpnceivable that the inarease of- urine-phosphQrus and magnesium
levels' which originated fro:n dietary minescaX imbalances Seem to
                                           'correZate, with the incS,dence oE urinary calÅëuli.z
   '
       '
     The deficiengy of.vitamÅ}n A may be induced by giving a hÅ}gh
concentrate-lbw roughage ratio. rn particular, the vitamin A
                               '
                                         'defieiency Å}$ likely to occur when a low quality of roughage is
fed in the winter season. As shown in this study, the renal
riephrosis'
 and the increase of urine phosphorus were fpund in
wethers which had vitamin.A deticiency, The desquamated epÅ}thelium
                                                             '
        'cells ihdueed by vitamÅ}n A deficiency may become the nuclei of
urinary calculi. xt was shown by uesaka et al.93Årthat catt!e
affected by urolithiasis•have not always a vitamin A deficiency.
Therefore vitamin A deficiency may become a causative factor of
urinary caZculi, biat may not be a essential one.
                                '
     Physiologi'cal factors : A mild form of qcidosis whieh was
manifested with.the decrease in urine pH and the increase in ur,ine
phQsphorus 1-.evel was o /b.served in wethers given a'high coneentrate
ration. rt was reportbd by sgott et-ai..77)that.,the urcÅ}ne a.mmonium
level was heightened in,sheep.which had aqidqsis. The relation$hip
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between the increase of urÅ}ne ammonium level and the incidence
of urinary calquli was not deC=nitely known from this study.
Mupakata et al.60) reported the addition of ammohÅ}um. salts to
fresh urine indreased the pnyecipitation of urine sediment.
                                         .
 , Thg deqrease in urine pH appeared not to acce,lerate the
Eormation of urinary ca!culÅ} buti prevent the ealculi formation.
This consideration may be supported by the Einding Å}n chapber 7
that the maih EunctiOn of ammonium chloride was to lower the urine
pH. Eaten20), in his early work with rats, indic,ated that the
addition oE an excess acid or basic sodium phosphate to the food
was followed by extensive pathologieal changes in the kidney of
rat. Renal pathologieal changes Tn,ay become the cause of the
formaeion of urlnary calculi similar to the, case oE vitamin A
     Therefore the rnild forrn of acidosÅ}s may be correlated with
the fotmatien of urinary calculi through the increase of urine
phosphorus level or rcenal mombÅ}d change$.
     It was shown tipaY urine volurne decreased when the ratio oE
concentrate tg roughage was increased..The concentratÅ}on of urine
volume will cause the increase of urine phosphorust magnesÅ}um
and mucoprotein levels because there appears to be a negative
association between urine volume and urine cQrnposÅ}tion. :t ,was .
observed in crapan63) that the occurrence of urolithiasis in cattle
                                                         'Å}ncreased in wipter qnd spring. !t may be possÅ}ble to consider
                                                               'that ,the hÅ}gh incidence of urolithtasis yesulted from .a decreased
                                  '
amount of roughage intake or a lowered winter wat,er intake.
                            - !-42 -
                             '
     Othdr facters : Xt was always Eound th]q..#. urolithiasis
                                                 'occurred in some animals and did not o'ecur in otbers when a
same ration was giv'en. Field and satt!e28)-observed' in the
                          -experiment usÅ}ng t,win cattle'that urine phosphorus concentration
was firmly accepted as the genetic control. Although the lodging
oE urinary calculi in the urethra will iead te the occurrertce
oE urolÅ}thiasisr there may be individual differences in the' size
of urethra.
     The diagram of causative factor of the incidence of urinary
calculi is shown in figure l. Tt must be ptimarily considereq
                                       .that not one Eactor alone is the cause oE incidence of urinary
                                                             'calculi but many complicated factors.
     As the author know the causative factors of urolithiasis,
there rnay'be manY ways for its prevention and treatrnent. The
treatment and preventive method rnay be the followings ;
l : Feeding with aelaguate arnount of roughage, especially green
                                      '
    forage.
2 : Adjusting the dietary calcium to phosphoru.s'
 ratio by the
    addieion oE calcium carbohate to the ration"
   ."3 : The administration ori-injection of vitamÅ}n A supplement.
                  '4 : GÅ}ving adequate amounts of dginking water, the administration
    of salt for stimulating water intake or dieureVic agents.
5 : Early rernoval of urÅ}nary caZculi in the prepuce and at the
    prepuital hair.
6 : The administration of. amponium chlor' ide as spon as. the
    incidence of urolÅ}thiasis is observed.
- 143 -
            tt                                            '7 : EXeluding the calve$r on fattening practice,' which
                    '
                                                 '
                          '
    urinary calculi in the prepuitaZ hair becaus.eLsuch
    have, in rnany in$tances, here6itary cha=actenisties
                          '
                                  : r'
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